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TITLE OF THE INVENTION 
TYROSINE KINASE INHIBITORS 

BACKGROUND OF THE INVENTION 
5 The present invention relates to compounds which inhibit, regulate 

and/or modulate tyrosine kinase signal transduction, compositions which contain 
these compounds, and methods of using them to treat tyrosine kinase-dependent 
diseases and conditions, such as angiogenesis, cancer, tumor growth, atherosclerosis, 
age related macular degeneration, diabetic retinopathy, inflammatory diseases, and 

10 the like in mammals. 

Tyrosine kinases are a class of enzymes that catalyze the transfer 
of the terminal phosphate of adenosine triphosphate to tyrosine residues in protein 
substrates. Tyrosine kinases play critical roles in signal transduction for a number 
of cell functions via substrate phosphorylation. Though the exact mechanism of 

15 signal transduction is still unclear, tyrosine kinases have been shown to be important 
contributing factors in cell proliferation, carcinogenesis and cell differentiation. 

Tyrosine kinases can be categorized as receptor type or non-receptor 
type. Receptor type tyrosine kinases have an extracellular, a transmembrane, and an 
intracellular portion, while non-receptor type tyrosine kinases are wholly intracellular. 

20 The receptor-type tyrosine kinases are comprised of a large number 

of transmembrane receptors with diverse biological activity. In fact, about twenty 
different subfamilies of receptor-type tyrosine kinases have been identified. One 
tyrosine kinase subfamily, designated the HER subfamily, is comprised of EGFR, 
HER2, HER3, and HER4. Ligands of this subfamily of receptors include epithileal 

25 growth factor, TGF-a, amphiregulin, HB-EGF, betacellulin and heregulin. Another 
subfamily of these receptor-type tyrosine kinases is the insulin subfamily, which 
includes ESFS-R, IGF-IR, and IR-R. The PDGF subfamily includes the PDGF-a and p 
receptors, CSFIR, c-kit and ELK-H Then there is the FLK family which is comprised 
of the kinase insert domain receptor (KDR), fetal liver kinase- 1 (FLK-1), fetal liver 
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kinase-4 (FLK-4) and the fins-like tyrosine kinase-1 (flt-1). The PDGF and FLK 
families are usually considered together due to the similarities of the two groups. 
For a detailed discussion of the receptor-type tyrosine kinases, see Plowman et al., 
DN&P 7(6):334-339, 1994, which is hereby incorporated by reference. 
5 The non-receptor type of tyrosine kinases is also comprised of 

numerous subfamilies, including Src, Frk, Btk, Csk, Abl, Zap70, Fes/Fps, Fak, 
Jak, Ack, and LEMK. Each of these subfamilies is further sub-divided into varying 
receptors. For example, the Src subfamily is one of the largest and includes Src, 
Yes, Fyn, Lyn, Lck, Blk, Hck, Fgr, and Yrk. The Src subfamily of enzymes has 

10 been linked to oncogenesis. For a more detailed discussion of the non-receptor type 
of tyrosine kinases, see Bolen Oncogene, 8:2025-2031 (1993), which is hereby 
incorporated by reference. 

Both receptor-type and non-receptor type tyrosine kinases are 
implicated in cellular signaling pathways leading to numerous pathogenic conditions, 

15 including cancer, psoriasis and hyperimmune responses. 

Several receptor-type tyrosine kinases, and the growth factors that 
bind thereto, have been suggested to play a role in angiogenesis, although some may 
promote angiogenesis indirectly (Mustonen and Alitalo, /. Cell Biol 129:895-898, 
1995). One such receptor-type tyrosine kinase is fetal liver kinase 1 or FLK-1. The 

20 human analog of FLK-1 is the kinase insert domain-containing receptor KDR, which 
is also known as vascular endothelial cell growth factor receptor 2 or VEGFR-2, since 
it binds VEGF with high affinity. Finally, the murine version of this receptor has also 
been called NYK (Oelrichs et al., Oncogene 8(1):1H5, 1993). VEGF and KDR are 
a ligand-receptor pair that play an important role in the proliferation of vascular endo- 

25 thelial cells, and the formation and sprouting of blood vessels, termed vasculogenesis 
and angiogenesis, respectively. 

Angiogenesis is characterized by excessive activity of vascular endo- 
thelial growth factor (VEGF). VEGF is actually comprised of a family of ligands 
(Klagsburn and D' Amore, Cytokine &Growth Factor Reviews 7:259-270, 1996). 

30 VEGF binds the high affinity membrane-spanning tyrosine kinase receptor KDR and 
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the related fms-like tyrosine kinase-1, also known as Flt-1 or vascular endothelial cell 
growth factor receptor 1 (VEGFR-1). Cell culture and gene knockout experiments 
indicate that each receptor contributes to different aspects of angiogenesis. KDR 
mediates the mitogenic function of VEGF whereas Flt-1 appears to modulate non- 
5 mitogenic functions such as those associated with cellular adhesion. Inhibiting KDR 
thus modulates the level of mitogenic VEGF activity. In fact, tumor growth has been 
shown to be susceptible to the antiangiogenic effects of VEGF receptor antagonists. 
(Kim et al., Nature 362, pp. 841-844, 1993). 

Solid tumors can therefore be treated by tyrosine kinase inhibitors 

10 since these tumors depend on angiogenesis for the formation of the blood vessels 

necessary to support their growth. These solid tumors include histiocytic lymphoma, 
cancers of the brain, genitourinary tract, lymphatic system, stomach, larynx and lung, 
including lung adenocarcinoma and small cell lung cancer. Additional examples 
include cancers in which overexpression or activation of Raf-activating oncogenes 

15 (e.g., K-ras, erb-B) is observed. Such cancers include pancreatic and breast 
carcinoma. Accordingly, inhibitors of these tyrosine kinases are useful for the 
prevention and treatment of proliferative diseases dependent on these enzymes. 

The angiogenic activity of VEGF is not limited to tumors. VEGF 
accounts for most of the angiogenic activity produced in or near the retina in diabetic 

20 retinopathy. This vascular growth in the retina leads to visual degeneration culminat- 
ing in blindness. Ocular VEGF mRNA and protein are elevated by conditions such 
as retinal vein occlusion in primates and decreased p02 levels in mice that lead to 
neovascularization. Intraocular injections of anti-VEGF monoclonal antibodies or 
VEGF receptor immunofusions inhibit ocular neovascularization in both primate 

25 and rodent models. Regardless of the cause of induction of VEGF in human diabetic 
retinopathy, inhibition of ocular VEGF is useful in treating the disease. 

Expression of VEGF is also significantly increased in hypoxic regions 
of animal and human tumors adjacent to areas of necrosis. VEGF is also upregulated 
by the expression of the oncogenes ras, raf, src and mutant p53 (all of which are 

30 relevant to targeting cancer). Monoclonal anti-VEGF antibodies inhibit the growth 
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of human tumors in nude mice. Although these same tumor cells continue to express 
VEGF in culture, the antibodies do not diminish their mitotic rate. Thus tumor- 
derived VEGF does not function as an autocrine mitogenic factor. Therefore, VEGF 
contributes to tumor growth in vivo by promoting angiogenesis through its paracrine 
5 vascular endothelial cell chemotactic and mitogenic activities. These monoclonal 
antibodies also inhibit the growth of typically less well vascularized human colon 
cancers in athymic mice and decrease the number of tumors arising from inoculated 
cells. 

Viral expression of a VEGF-binding construct of Flk-1, Flt-1, the 
10 mouse KDR receptor homologue, truncated to eliminate the cytoplasmic tyrosine 
kinase domains but retaining a membrane anchor, virtually abolishes the growth of a 
transplantable glioblastoma in mice presumably by the dominant negative mechanism 
of heterodimer formation with membrane spanning endothelial cell VEGF receptors. 
Embryonic stem cells, which normally grow as solid tumors in nude mice, do not 
15 produce detectable tumors if both VEGF alleles are knocked out. Taken together, 
these data indicate the role of VEGF in the growth of solid tumors. Inhibition of 
KDR or Flt-1 is implicated in pathological angiogenesis, and these receptors are 
useful in the treatment of diseases in which angiogenesis is part of the overall 
pathology, e.g., inflammation, diabetic retinal vascularization, as well as various 
20 forms of cancer since tumor growth is known to be dependent on angiogenesis. 
(Weidner et aL, N. Engl. J. Med., 324, pp. 1-8, 1991). 

Accordingly, the identification of small compounds which specific- 
ally inhibit, regulate and/or modulate the signal transduction of tyrosine kinases is 
desirable and is an object of this invention. 

25 
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SUMMARY OF THE INVENTION 

The present invention relates to compounds that are capable of 
inhibiting, modulating and/or regulating signal transduction of both receptor-type 
and non-receptor type tyrosine kinases. One embodiment of the present invention is 
5 illustrated by a compound of Formula I , and the pharmaceutical^ acceptable salts 
and stereoisomers thereof: 



R 5 

I 




I 



DKTATT FT ) DESCRIPTION OF THE INVENTION 
10 The compounds of this invention are useful in the inhibition of kinases 

and are illustrated by a compound of Formula I: 




I 



or a pharmaceutically acceptable salt or stereoisomer thereof, wherein 
15 A and B are independently N or N+ — 0~ ; 
Yis 0,SorN-R4; 
Rl and R 2 are independently: 
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1) H, 

2) O r (Ci-C6)perfluoroalkyl, 

3) OH, 

4) CN, 

5 5) halogen, 

6) (C=0) r O s (Ci-Cio)alkyl, 

7) (C=0) r O s (C2-Cio)alkenyl, 

8) (C=0) r O s (C2-Cio)alkynyl, 

9) (C=0) r O s atyl, 

10 10) (C=0) r O s heterocyclyl, 

11) (Co-C6)alkyl-NRaRb, or 

12) (Ci-C6)heterocyclyl, 

wherein r and s are independently 0 or 1, and said alkyl, alkenyl, alkynyl, aryl, and 
heterocyclyl is optionally substituted with one or more substituents selected from R7; 

15 

R4 is H, aryl or (Ci-C6)alkyl; . 
R5is: 

1) H, 

20 2) S02R C , 

3) (C=0) r R c , wherein r is 0 or 1, or 

4) C02R C ; 



R6is: 

25 1) aryl, 

2) CN, 

3) halogen, 

4) (C=0)NR a Rb, 
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5) (Ci-Cio)alkyl, 

6) (C2-C8)alkenyl, 

7) (C2-C8)alkynyl, or 

8) heterocyclyl, 

5 wherein r and s are independently 0 or 1 , and said aryl, alkyl, alkenyl, alkynyl and 
heterocyclyl optionally substituted with one or more substituents selected from R7; 

R7is: 

I) Or(C=0)sNR a R b . 
10 2) (C=0) r O s aryl > 

3) (C=0)rO s -heterocycly], 

4) halogen, 

5) OH, 

6) oxo, 

15 7) 0(Ci-C3)perfluoroalkyl, 

8) (Ci-C3)perfluoroalkyl, 

9) (C=0) r O s (Ci-C6)alkyl, 

10) CHO, 

II) CO2H, 
20 12) CN, 

13) (Ci-C6)alkyl-NRaRb, or 

14) (Ci-C6)alkyl-heterocyclyl, 

wherein r and s are independently 0 or 1, and said aryl, heterocyclyl and alkyl are 
optionally substituted with one to three substituents selected from R d ; 



25 



R a and R D are independently 

1) H, 

2) (C=O)r(Ci-Ci0)alkyl, 
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3) S(0)2R C , 

4) (C=0) r heterocyclyl, 

5) (C=0) r aryl, or 

6) C02R C , 

5 wherein r is 0 or 1 and said alkyl, heterocyclyl, and aryl optionally substituted with 
one or more substituents selected from Rd, or 

R a and R b are taken together with the nitrogen to which they are attached to form a 
monocyclic or bicyclic heterocycle with 5-7 members in each ring and optionally 
10 containing, in addition to the nitrogen, one or two additional heteroatoms selected 
from N, O and S, said monocyclic or bicyclic heterocycle optionally substituted with 
one or more substituents selected from Rd; 

R c is (Ci-C6)alkyl, aryl, or heterocyclyl; and 



15 



Rdis: 



1) (C=0)rO s (C i-C io)alkyl, wherein r and s are independently 0 or 1 , 



optionally substituted with up to three substituents selected from OH, 



20 



(Ci-C6)alkoxy, halogen, heterocyclyl, CN, oxo, N(Re)2 and S(0)2R C , 

2) Or(Ci-C3)perfluoroalkyl, 

3) (Co-C6)alkylene-S(0) m R c , wherein m is 0, 1 , or 2, 



4) 
5) 
6) 



0X0, 



OH, 



halo, 



25 



7) CN, 



8) (Q)-C6)alkylene-aiyl, optionally substituted with up to three 



substituents selected from R e , 
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9) (Co-C6)allcylene-heterocyclyl, optionally substituted with up to three' 
substituents selected from Re, 

10) C(0)R c , 
,11) C02R C , 

5 12) C(0)H, 

13) N(Re)2, or 

14) CO2H; 

Re is: 

10 1) H, 

2) (Ci-C6)alkyl, optionally substituted with one or more substituents 

selected from OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, oxo, 

N(Rf)2 and S(0)2R C , 

3) aryl, optionally substituted with one or more substituents selected from 
15 OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, N(Rf)2 and S(0)2R C , 

4) heterocyclyl, optionally substituted with one or more substituents 
selected from OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, oxo, 

N(Rf)2andS(0)2R c ,or 

6) S(0)2R C , or 

20 

if two Re's are on a nitrogen atom, they can be taken together with the nitrogen to 
form a heterocycle with 5-7 atoms, optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said heterocycle option- 
ally substituted with one or more substituents selected from OH, (Ci-C6)alkoxy, 

25 halogen, CN, oxo, N(Rf)2 and S(0)2R C ; and 



Rf is H, aryl or (Ci-C6)alkyl. 
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5 



Another embodiment of the present invention is the compound of Formula 
I as described above, wherein 

Y is S; 

Rl is H, (Ci-C6)alkyl, or 0(Ci-C6)alkyl; 
R2is: 

1) H, provided that both Rl and R2 are not H at the same time, 
10 2) Or(Ci-C6)perfluoroalkyl, 

3) OH, 

4) CN, 

5) halogen, 

6) (C=0)rOs(Ci-Cio)alkyl, 
15 7) (C=O)rO s (C2-Ci0)alkenyl, 

8) (C=0)rOs(C2-Cio)alkynyl, 

9) (C=0)rOsaryl, 

10) (C=0)rOsheterocyclyl, 

11) (Co-C6)alkyl-NRaRb, or 
20 12) (Ci-C6)heterocyclyl, 

wherein r and s are independently 0 or 1, and said alkyl, alkenyl, alkynyl, aryl, and 
heterocyclyl is optionally substituted with one or more substituents selected from R7 ; 

R6 is: 

25 1) aryl, 

2) CN, 

3) halogen, 

4) (C=0)NRaRb, 

5) (Ci-C6)alkyl, 

-10- 
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6) (C2-C6)alkenyl, 

7) (C2-C6)alkynyl, or 

8) heterocyclyl, 

wherein r and s are independently 0 or 1, and said aryl, alkyl, alkenyl, alkynyl and 
5 heterocyclyl optionally substituted with one to three substituents selected from R?; 

R7 is: 

1) O r (C=0) s NRaR b , 

2) (C=0)rO s aryl, 

10 3) (C=0)rO s -heterocyclyl, 

4) halogen, 

5) OH, 

6) oxo, 

7) 0(Ci-C3)perfluoroalkyl, 
!5 8) (Ci-C3)perfluoroalkyl, 

9) (C=0)rO s (Cl-C6)alkyl, 

10) CHO, 

11) CO2H, 

12) CN, 

20. 13) (Ci-C6)alkyl-NR a R b , or 

14) (Ci-C6)alkyl-heterocyclyl, 
wherein r and s are independently 0 or 1, and said aryl, heterocyclyl and alkyl are 
optionally substituted with one to three substituents selected from Rd; 

25 R a and R D are independently: 

1) H, 

2) (C=0)r(Ci-Cio)alkyl, 

3) S(0)2R C , 
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5 



4) (C=0) r heterocyclyl, 

5) (C=0) r aryl, or 

6) C02R C , 

wherein r is 0 or 1 and said alkyl, heterocyclyl, and aryl optionally substituted with 
one or more substituents selected from Rd, or 



Ra and R b are taken together with the nitrogen to which they are attached to form 
a monocyclic 5-7 membered heterocycle optionally containing, in addition to the 
nitrogen, one or two additional heteroatoms selected from N, O and S, said 
10 heterocycle optionally substituted with one to three substituents selected from Rd; and 



Rd 



is: 



1) (C=0) r O s (C i -C6)alkyl, wherein r and s are independently 0 or 1 , 
optionally substituted with up to three substituents selected from OH, 

15 (Ci-C6)alkoxy, halogen, CN, oxo, N(Re)2 and S(0)2R C , 

2) Oj(Ci-C3)perfluoroalkyl, 

3) (Co-C6)alkylene-S(0) m Rc, wherein m is 0, 1 , or 2, 

4) oxo, 

5) OH, 
20 6) halo, 

7) CN, 

8) (Co-C6)alkylene-aryl, optionally substituted with up to three 

substituents selected from R e , 

9) (Co-C6)alkylene-heterocyclyl, optionally substituted with up to three 

25 substituents selected from R e , 

10) (Co-C6)alkylene-N(Re)2, 

11) C(0)R c , 

12) C0 2 R c , 

- 12 - 
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13) C(0)H, or 

14) C02H. 

A third embodiment is represented by the compound of Formula I 
5 described above further defined such that A and B are N; and R6 is phenyl, CN, or 
pyridyl said phenyl and pyridyl optionally substituted with one to three substituents 
selcted from R7. 

And yet another embodiment is compound of Formula I described 
above wherein Rl is H and R2 is OKd-C^alkyl, wherein r is 0 or 1, optionally 
10 substituted with one to three substituents selected from R7; or (C 0 -C 6 )alkyl-NRaRb. 
A further embodiment is a compound selected from: 
2-({6-[4-(2-morpholin-4-ylethyl)piperazin-l-yl]pyrim 

carbonitrile; 

2-({6-[4-(2-morphohn-4-yl-2-o^ 
15 thiazole-5-carbonitrile; 

JV-(te*-butyl)-2-(4-{6-[^^ 
yl)acetamide; 

2 -({6-[4KU-dioxidotetrahydroto^ 

thiazole-5-carbonitrile; 
20 2<4-{6-[(5-cyano-l,3-tWazol-2-yl)amino]pyrinudm-4-yl}^ 

isopropylacetamide; 
2 -(l-{6-[(5-cyano-13-thiazol-2-yl)^ 

isopropylacetamide; and 
2-({6-[4-(2-oxopiperidm-3-yl^^^ 
25 carbonitrile; or a pharmaceutically acceptable salt or stereoisomer thereof. 

And still another embodiment is a compound which is 2-({6-[4-(l,l- 
dioxidotetrahydromien-3-y^ 
carbonitrile 
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Vs N CN 



or a 



pharmaceutical^ acceptable salt or stereoisomer thereof. 

Also encompassed by the present invention is a compound which is N- 
(tert -butyl)-2<4-{6-[^^ 
yl)acetamide 



10 



15 




O 1 k 



or a pharmaceutically acceptable salt thereof. 

Further encompassed by the instant invention is a compound which is 
the (R) or (S) enantiomer of 2 -({6-[4<ia-dioxidotetrahydxotWen-3-yl)piperazin-l- 
yl]pyrimidin^yl}amino)-13-miazole-5-carbonitrile in enantiomerically pure form as 
characterized by an enatiomeric excess of at least 98%, or a pharmaceutically 

acceptable salt thereof. 

And yet another embodiment of the invention is a compound which is 

2-(4-{6-[(5-cyano-l,34hiazol-2-yl)aminofe 

isopropylacetamide 
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,.0 



N^ N CN 



or a pharmaceutically acceptable salt thereof. 

5 Also included within the scope of the present invention is a 

pharmaceutical composition which is comprised of a compound of Formula I as 
described above and a pharmaceutically acceptable carrier. The invention is also 
contemplated to encompass a pharmaceutical composition which is comprised of a 
pharmaceutically acceptable carrier and any of the compounds specifically disclosed 

10 in the present application. These and other aspects of the invention will be apparent 
from the teachings contained herein. 

Utilities 

The compounds of the present invention are inhibitors of tyrosine 
15 kinase and are therefore useful to treat or prevent tyrosine kinase-dependent diseases 

or conditions in mammals. 

'Tyrosine kinase-dependent diseases or conditions" refers to 
pathologic conditions that depend on the activity of one or more tyrosine kinases. 
Tyrosine kinases either directly or indirectly participate in the signal transduction 
20 pathways of a variety of cellular activities including proliferation, adhesion and 
' migration, and differentiation. Diseases associated with tyrosine kinase activities 
include the proliferation of tumor cells, the pathologic neovascularization that 
supports solid tumor growth, ocular neovascularization (diabetic retinopathy, age- 
related macular degeneration, and the like) and inflammation (psoriasis, rheumatoid 
25 arthritis, and the like). In treating such conditions with the instantly claimed 
compounds, the required therapeutic amount will vary according to the specific 
disease and is readily ascertainable by those skilled in the art. Although both 

-15- 
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15 



treatment and prevention are contemplated by the scope of the invention, the 
treatment of these conditions is the preferred use. 

The present invention encompasses a method of treating or preventing 
cancer in a mammal in need of such treatment which is comprised of administering 
to said mammal a therapeutically effective amount of a claimed compound. Preferred 
cancers for treatment are selected from cancers of the brain, genitourinary tract, 
lymphatic system, stomach, larynx andlung. Another set of preferred forms of cancer 
are histiocytic lymphoma, lung adenocarcinoma, small cell lung cancers, pancreatic 
cancer glioblastomas and breast carcinoma. A further preferred group of cancers for 
treatment with the present compounds is a cancer selected from lung cancer, prostate 
cancer, breast cancer and colorectal cancer. The utility of angiogenesis inhibitors in 
the treatment of cancer is known in the literature, see J. Raket al. Cancer Research, 
55-4575-4580, 1995, for example. The role of angiogenesis in cancer has been shown 
in numerous types of cancer and tissues: breast carcinoma (G. Gasparini and AJL 
harris, J. Clin. Oncol, 1995, 13:765-782; M. Toi et al., Japan. J. Cancer Res., 1994, 
85-1045-1049); bladder carcinomas (A.J. Dickinson et al., Br. J. Urol, 1994, 74:762- 
766); colon carcinomas (L.M. Ellis et al., Surgery, 1996, 120(5):871-878); and oral 
cavity tumors (J.K. Williams et al., Am. J. Surg., 1994, 168:373-380). 

Tumors which have undergone neovascularization show an increased 
20 potential for metastasis. VEGF released from cancer cells enhances metastasis 
possibly by increasing extravasation at points of adhesion to vascular endothelium. 
(A Amirkhosravietal. > Ptoe^, 10:285-292 (1999)). In fact, angiogenesis is 
essential for tumor growth and metastasis. (S.P. gunningham, et al., Can. Research, 
61- 3206-3211 (2001)). The angiogenesis inhibitors disclosed in the present 
application are therefore also useful to prevent or decrease tumor cell metastasis. 
Such a use is also contemplated to be within the scope of the present invention. 

Further included within the scope of the invention is a method 
of treating or preventing a disease in which angiogenesis is implicated, which is 
comprised of administering to a mammal in need of such treatment a therapeutically 
30 effective amount of a compound of the present invention. Ocular neovascular 
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, are rm sample of conditions where much of me resulting tissue damage can 
retinopathy, such as mat resulting from diabeuc rehaopathy. re.mopa.hy of 
^biting the grow* of hlood vesseis hy administradon of the present compounds 

diabedcrednopathy. age-related macular degeneration, and the irlte. 

Alsomclud*! within meacope of .he preaen, invention . a memod 
o, treadng or preveming inflammatory diseases which comprises admMstenng 
L mammal in need of such trearmen. a therapeuflcally effective amou . of a 

IZTofF-ualLE^p.eaofauchi.— «~ n *"~L 
. .H»™aHtf a delayed hypersensitivity reactions, and the like. 
5 M psorias.s.contacd^n , «*c yp ^ ^ ^ 

(A. Giatromanolaki et al., J. Pathol. 2001, 194.101 1US.> 

L angiogeneaia, sec Michae, Defmax, /. !»»-**- 24 ^ 878 

(2000) ' A.somcludedwimintheacopeofmepresen.inven.ioniaamemod 

.mollis, and also fcnown as oncogemc os— . 

^,2,-628,^1,9,) AndsinceVBOFdirecdypromot^eoc,^ * 
resorption throu^ KDR/FK-1 expressed in mamre osteodasts (FEBS Ut 473 
25 ,64 P0O0); B*c**<r. 141:1667 (2000)), the instant compounds are also ureflr 

"^'^Amemodoftmadng.pmvendngpreeclampsiaisalsowiu.nme 
effLve amount of a compound of Formula I Studies have shown that the 



30 

-17- 



WO 02/45652 



PCT7US01/44573 



VEGF on the Flt-1 receptor is pivotal in the pathogenesis of preeclampsia. 
(Laboratory Investigation 79:1101-1111 (September 1999).) Vessels of pregnant 
women incubated with VEGF exhibit a reduction in endothelium-dependent 
relaxation similar to that induced by plasma from women with preeclampsia. In the 

5 presence of an anti-Flt-1 receptor antibody, however, neither VEGF or plasma from 
women with preeclampsia reduced the endothelium-dependent relaxation. Therefore 
the claimed compounds serve to treat preeclampsia via their action on the tyrosine 
kinase domain of the Flt-1 receptor. 

Also within the scope of the invention is a method of reducing or 

10 preventing tissue damage following a cerebral ischemic event which comprises 
administering a therapeutically effective amount of a compound of the present 
invention. The claimed compounds can also be used to reduce or prevent tissue 
damage which occurs after.cerebral ischemic events, such as stroke, by reducing 
cerebral edema, tissue damage, and reperfusion injury following ischemia. (Drug 

15 News Perspect 11:265-270 (1998); J. Clin. Invest. 104:1613-1620 (1999); Nature 

Med 7:222-227 (2001)). 

The instant compounds can also be used to prevent or treat tissue 
damage during bacterial meningitis, such as tuberculous meningitis. (Matsuyama et 
al., J. Neurol. Sri. 186:75-79 (2001)). The instant invention therefore encompasses 
20 amethodoftreatingorpreventingtissuedamagedueto bacterial meningitis which 
• comprises administering a therapeutically effective amount of a claimed compound. 
Studies have shown that VEGF is secreted by inflammatory cells during bacterial 
meningitis and that VEGF contributes to blood-brain barrier disruption, (van der 
Flier . J al., J. Infectious Diseases, 183:149-153 (2001)). The claimed compounds 
25 can inhibit VEGF-induced vascular permeability and therefore serve to prevent or 
treat blood-brain barrier disruption associated with bacterial meningitis. 

The present invention further encompasses a method to treat or prevent 
endometriosis comprised of administering a therapeutically effective amount of a 
claimed compound. An increase in VEGF expression and angiogenesis is associated 
30 with the progression of endometriosis (Stephen K. Smith, Trends in Endocrinology 
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& Metabolism, Vol. 12, No. 4, May/June 2001). Inhibition of VEGF by the current 
compounds would therefore inhibit angiogenesis and treat endometriosis. 

A further embodiment of the present invention is a method of treating 
acute myeloid leukemia (AML) which comprises administering a therapeutically 
effective amount of a claimed compound. Activation of FLT3 on leukemic cells by 
FLT3 ligand leads to receptor dimerization and signal transduction in pathways that 
promote cell growth and inhibit apoptosis (Blood, Vol. 98, No. 3, pp.885-887 (2001)). 
The present compounds are therefore useful to treat AML via inhibition of the 

tyrosine kinase domain of Flt-3. 

The compounds of this invention may be administered to mammals, 
preferably humans, either alone or, preferably, in combination with pharmaceutically 
acceptable carriers or diluents, optionally with known adjuvants, such as alum, in a 
pharmaceutical composition, according to standard pharmaceutical practice. The 
compounds can be administered orally or parenterally, including the intravenous, 
15 intramuscular, intraperitoneal, subcutaneous, rectal and topical routes of 
administration. 

For oral use of a chemotherapeutic compound according to this 
invention, the selected compound may be administered, for example, in the form 
of tablets or capsules, or as an aqueous solution or suspension. In the case of tablets 

20 for oral use, carriers which are commonly used include lactose and corn starch, and 
lubricating agents, such as magnesium stearate, are commonly added. For oral 
administration in capsule form, useful diluents include lactose and dried corn starch. 
When aqueous suspensions are required for oral use, the active ingredient is 
combined with emulsifying and suspending agents. If desired, certain sweetening 

25 and/or flavoring agents may be added. For intramuscular, intraperitoneal, 

subcutaneous and intravenous use, sterile solutions of the active ingredient are usually 
prepared, and the pH of the solutions should be suitably adjusted and buffered. For 
intravenous use, the total concentration of solutes should be controlled in order to 
render the preparation isotonic. 
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The instant compounds are also useful in combination with known 
anti-cancer agents. Combinations of the presently disclosed compounds with other 
anti-cancer or chemotherapeutic agents are within the scope of the invention. 
Examples of such agents can be found in Cancer Principles and Practice of Oncology 

5 by V.T. Devita and S. Hellman (editors), 6 th edition (February 15, 2001), Lippincott 
Williams & Wilkins Publishers. A person of ordinary skill in the art would be able to 
discern which combinations of agents would be useful based on the particular 
characteristics of the drugs and the cancer involved. Such anti-cancer agents include 
the following: estrogen receptor modulators, androgen receptor modulators, retinoid 

10 receptor modulators, cytotoxic agents, antiproliferative agents, prenyl-protein 
transferase inhibitors, HMG-CoA reductase inhibitors, HTV protease inhibitors, 
reverse transcriptase inhibitors, and other angiogenesis inhibitors. The instant 
compounds are particularly useful when coadminsitered with radiation therapy. The 
synergistic effects of inhibiting VEGF in combination with radiation therapy have 

15 been described in the art (see WO 00/61 186). The use of angiogenesis inhibitors with 
other chemotherapeutic agents is especially desirable since the normalization of 
tumor vasculature improves the delivery of the other therapeutic agents. (Nature 
Medicine, Vol. 7. No. 9, pp. 987-989 (September 2001)). 

"Estrogen receptor modulators" refers to compounds which interfere 

20 or inhibit the binding of estrogen to the receptor, regardless of mechanism. Examples 
of estrogen receptor modulators include, but are not limited to, tamoxifen, raloxifene, 
idoxifene, LY353381, LY117081, toremifene, fulvestrant, 4-[7-(2,2-dimethyl-l- 

oxopropoxy-4-memyl-2-[4-[2-(l^ 
■ phenyl-2,2-mmemylpropanoate,4,4^dihydroxybenzophenone-2,4-dinitrophenyl- 

25 hydrazone, and SH646. 

"Androgen receptor modulators" refers to compounds which 
interfere or inhibit the binding of androgens to the receptor, regardless of mechanism. 
Examples of androgen receptor modulators include finasteride and other 5a-reductase 
inhibitors, nilutamide, flutamide, bicalutamide, liarozole, and abiraterone acetate. 

30 "Retinoid receptor modulators" refers to compounds which interfere 
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or inhibit the binding of retinoids to the receptor, regardless of mechanism. Examples 
of such retinoid receptor modulators include bexarotene, tretinoin, 13-cis-retinoic 
acid, 9-cis-retinoic acid, a-difluoromemylornithine, ILX23-7553, trans-N-(4'- 
hydroxyphenyl) retinamide, and N-4-carboxyphenyl retinamide. 

"Cytotoxic agents" refer to compounds which cause cell death 
primarily by interfering directly with the cell's functioning or inhibit or interfere 
with cell myosis, including alkylating agents, tumor necrosis factors, intercalators, 
microtubulin inhibitors, and topoisomerase inhibitors. 

Examples of cytotoxic agents include, but are not limited to, 
tirapazimine, sertenef , cachectin, ifosfamide, tasonermin, lonidamine, carboplatin, 
altretamine, prednimustine, dibromodulcitol, ranimustine, fotemustine, nedaplatin, 
oxaliplatin, temozolomide, heptaplatin, estramustine, improsulfan tosilate, 
trofosfamide, nimustine, dibrospidium chloride, pumitepa, lobaplatin, satraplatm, 
profiromycin, cisplatin, irofulven, dexifosfamide, cis-aminedichloro(2-methyl- 
15 pyridine)platinum, benzylguanine, glufosfamide, GPX100, (trans, trans, trans)- 

bis-mu-0*xane-l,6^^^ 
. (n)]tetrachloride, diarizidinylspermine, arsenic trioxide, l-(ll-dodecylamino-10- 
hydroxyundecyl)-3,7-dimethylxanthine, zorubicin, idarubicin, daunorubicin, 
bisantrene, mitoxantrone, pirarubicin, pinafide, valrubicin, amrubicin, antineoplaston, 
20 3'-deaminc-3'-momhoUno-13-deoxo-10-hydroxycarminomycin, annamycin, 
galarubicin, elinafide, MEN10755, and 4-demethoxy-3-deamino-3-aziridinyl-4- 
. methylsulphonyl-daunorubicin (see WO 00/50032). 

Examples of microtubulin inhibitors include paclitaxel, vindesine 
sulfate 3' 4'-didehydro-4'-deoxy-8'-norvincaleukoblastine, docetaxol, rhizoxin, 
25 dolastatin, mivobulin isethionate, auristatin, cemadotin, RPR109881. BMS184476, 
vinflunine, cryptophycin, 2,3,4,5,6-pentafluoro-N-(3-fluoro-4-methoxyphenyl) 
benzene sulfonamide, anhydrovinblastine, N,N-dimethyl-l.valyl.L-valyl-N.meth y l- 
. L-valyl-L-prolyl-I^proline-t-butylamide, TOX258, and BMS188797. 

Some examples of topoisomerase inhibitors are topotecan, 
30 hycaptamine, irinotecan, rubitecan, 6-ethoxypropionyl-3»,4'-0-exo-benzylidene- 
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chaxtreusin,9-methoxy-N^^^ 
12H-benzo[cle]py^ 

lurtotecan, 7-[2-(N-isopropylamino)ethyl]-(20S)camptothecin, BNP1350, 
5 BNPIHOO, BN80915, BN80942, etoposide phosphate, teniposide, sobuzoxane, 
2'-dim e thylamino-2'-deoxy-eto P osid e) GL331, N-[2-(dimethylamino)ethyl]-9- 
hydroxy-5,6-dimethyl-6H^^ asulaCMe ' ^ 

5aB 8aa 9 b)-9-[2-[N-[2-(d^ 
3 5^imemoxyphenyl]-5,5a,6,8,8a^^ 

10 cfioxol-6-one,2>(me^^ 
phenanthridinium,6,9^ 
S-C-ajmnopropylaimno^^ 

pyrazolo[4,5,l-de]acridin-6-one, N-[l42(diethylarrnno)ethylamino]-7-methoxy-9- 
oxo^H-thioxanthen^ylmethyllformannde, N<2-(dimeth y laimno)eth y l)acndiiie. 

15 4-carboxamide, 6 -[[2-(dimeth y l^^ 
quinolin-7-one, and dimesna. 

"Antiproliferative agents" includes antisense RNA and DNA 
oligonucleotides such as G3139, ODN698, RVASKRAS, GEM231, andMBOOl. 
and antimetabolites such as enocitabine, carmofur, tegafur, pentostatin, doxiflundme, 
20 trimetrexate, fludarabine, capecitabine, galocitabine, cytarabine ocfosfate, fosteabme 
sodium hydrate, raltitrexed, paltitrexid, emitefur, tiazofurin, decitabine, nolatrexed, 
pemetrexed, nelzarabine, 2 '-deoxy-2'-methylidenecytidine, 2'-fluoromethylene-2'- 
deoxycytidine, N^5-(2,3-dihydro-benzofu^^^ 

urea N6-[4-<teoxy-4-[N2-[2^^ 
25 B-L-manno-heptopyranosylladenine, aplidine, ecteinascidin, troxacitabine, 4-[2- 

a™no-4-oxo-4,6,7,8-te*^ 

2 5-thienoyl-L-glutamic acid, aminopterin, 5-flurouracil, alanosine, ll-acetyl-8- 
(caxbamoyloxymemylH-formyl-6-methoxy-^ 

tetradeca-2,4,6-trien-9- y l acetic acid ester, swainsonine, lometrexol, dexrazoxane, 
30 methioninase, 2'-cyano-2Meox y -N4-palmitoyl-l-B-D-arabino furanosyl cytosme, 
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^S-^nopyndine^arbo^dehydemiosemicaxtoone. "AntiproUferative 
agents" also includes monoclonal antibodies to growth factors, other than those hated 
under "angiogenesis inhibitors", such as ttasnrcumab. 

"HMG-CoA reductase inhibitors" refers to inhibitors of 3-hydroxy- 
3-me.hylglu<aryl-CoA reductase. Compounds which have inhibirory activity for 
HMG-CoA reductase can be readily identified by using assays well-known m the 
^ For exanrp.e, see the assays described or cited in U.S. Patent 4,231,938 a. col. 
6 andWO 84/02131 atpp. 30-33. The terms "HMG-CoA reductase inhlbrtor 
aid "inhibitor of HMG-CoA reductase" have the same meaning when used herenr. 

Examples of HMG-CoA reductase inhibitors that may be used mclude 
tat am no, Hated to lovas.ati„ (MEVACOR®; see U.S. Parent Nos. 4,231,938, 
4 294 926 and 4,319,039), simvastatin (ZOCOR®; see U.S. Patent Nos 4,444,784, 
4 820,850 and 4,916,239), pravastatin (PRAVACHOL®; see U.S. Paten. Nos. 

4 346 227, 4,537,859, 4,410,629, 5,030,447 and 5,180,589), fluvastatin (LESCOL ■ ; 
sleU S. Pateu, Nos. 5,354,772, 4,911,165, 4,929,437, 5,189,164, 5,118,853, 

5 290 946 and 5,356,896), atorvastafin (UFITOR®; see U.S. Patent Nos. 5,273,995, 
4,681,893, 5,489,691 and 5,342,952) and cenvasra.hr (also known as rivastatin and 

BAYCHOL®- seeUS Pa.en.No. 5,177,080). The strucrural formulas of these and 
addihonaiHMG-CoAreduc^inmbi.ommatmaybeusedintheinstet.rmemod.^ 

described arpage 87 of M. Yalpani, "Cholesterol Lowering Drugs" * 

85-89 (SFebnrary 1996) and US Paten. Noa. 4,782,084 and4,885,3H. 
The term HMG-CoA reductase inhibitor as used herein includes all pharmaceutical* 
acceptable lactone and open-acid forms (i.e.. where Ore lactone ring is opened to form 
Che free acid) aa well as sal. and ester forms of compounds which have HMG-CoA 
; re duc,aae inhibitory activity, and therefor the use of such salts, esters, open-add and 
tactone forms is inchrded wirhin the scope of this invention. An illusion of the 
,ac.o„e portion and its corresponding open-acid form is shown be.ow as structures 1 
andH. 
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Lactone Open-Acid 
I n 

In HMG-CoA reductase inhibitors where an open-acid form can exist, 
salt and ester forms may preferably be formed from the open-acid, and all such forms 
5 are included within the meaning of the term "HMG-CoA reductase inhibitor" as used 
herein. Preferably, the HMG-CoA reductase inhibitor is selected from lovastatin and 
simvastatin, and most preferably simvastatin. Herein, the term "pharmaceutical^ 
acceptable salts" with respect to the HMG-CoA reductase inhibitor shall mean non- 
' toxic salts of the compounds employed in this invention which are generally prepared 
10 by reacting the free acid with a suitable organic or inorganic base, particularly those 
formed from cations such as sodium, potassium, aluminum, calcium, Uthium, 
magnesium, zinc and tetramethylammonium, as weU as those salts formed from 
amines such as ammonia, ethylenediamine, N-methylglucamine, lysine, argimne, 
ornithine, choline, N,N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, 
15 procaine, N-benzylphenethylamine, l-p-chlorobenzyl-2-pyrroUdine-r-yl-methylbenz- 
ixnidazole, diethylamine, piperazine, and tris(hydroxymethyl) aminomethane. Further 
examples of salt forms of HMG-CoA reductase inhibitors may include, but are not 
limited to, acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, 
borate, bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate, 
20 dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, 
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, 
hydrochloride, hydroxynapthoate, iodide, isothionate, lactate, lactobionate, laurate, 
malate, maleate, mandelate, mesylate, methylsulfate, mucate, napsylate, nitrate, 
oleate, oxalate, pamaote, palmitate, pantothenate, phosphate/diphosphate, 
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po.ygata— . salicylate, steamte, subacetate, succinate, .annate, tartrate, teoclate, 

tosylate, triethiodide, and valerate. 

Ester derivatives of the described HMG-CoA reductase .mutator 

compounds may ac, as prodrugs which, when absorber, into the 

a wL-blocded animal, may cleave in such a manner as to release the drug fom. 

and permit the dntg to afford improved therapeutic efficacy. 

"Prenyl-protein transferase inhibitor" refers to a compound winch 
inhibits any one or any combination of the prenyl-protein transferase enzymes, 
^ngfamesyl-protein — (PPTase), gemnylgemnyl-^n — 
type 1 (OOrrase-I), and geranylgeranyl-protein transferase type-H (GOPTase-n, 
also calledRabGGFTase). Examples of prenyl-prutein Uansferase inhrbrhng 

compounds include ^Wl-^^^ 
yOmemylM-e-chloropheny,)-!^^ 

LorophenylXi-methyl-lH-— ^^^T^^ 

Mt hy«-4-C3-chloroph^^ 
du^ylphenyOWcy^^^ 

Lyj-Piperazinone, SCS^ButyH^ylpheny^CH^^yD- 
S-inuLolybnemyn-^inone, ^orophenyO 
2-me m yl-5-inudazolytaeftyl^^ 

yLLyi)-^^^^ 

Z(4-ch.oropy«n-2«^ 
be,— >.5-t«ydrox^^^ 

5'-ylmeu,yl]-3H-intidazol-4-ylmethyl)benzonitrile, 4-(3-[4-(2-oxo-2H-[U ] 
blpU-5'-^^ 
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19 -oxo-5H17ff-6,10:12,16-dimemeno-lH-^^ 
nonadecine-9-carbonitril^^ 
6 l()-metheno-22tfW 
clxbomtrile, 19,20^^^ 

dmvdro^-methyl-^-oxo-SH-^ 
M iMdazo[4,3-fc][l,6,9,12]oxa-^^ 

Other examples of prenyl-protein transferase inhibitors can be 
found in the following publications and patents: WO 96/30343, WO 97/18813, 
WO 97/21701, WO 97/23478, WO 97/38665, WO 98/28980, WO 98/29119, 
WO 95/32987, U.S. Patent No. 5,420,245, U.S. Patent No. 5,523,430, U.S. Patent 
No. 5,532,359, U.S. Patent No. 5,510,510, U.S. Patent No. 5,589,485, U.S. Patent 
No 5 602,098, European Patent Publ. 0 618 221, European Patent Publ. 0 675 112, 
European Patent Publ. 0 604 181, European Patent Publ. 0 696 593, WO 94/19357, 
WO 95/08542, WO 95/11917, WO 95/12612, WO 95/12572, WO 95/10514, U.S. 
Patent No. 5,661,152, WO 95/10515, WO 95/10516, WO 95/24612, WO 95/34535, 
WO 95/25086, WO 96/05529, WO 96/06138, WO 96/06193, WO 96/16443, 
WO 96/21701, WO 96/21456, WO 96/22278, WO 96/24611, WO 96/24612, 
WO 96/05168, WO 96/05169, WO 96/00736, U.S. Patent No. 5,571,792, 
WO 96/17861, WO 96/33159, WO 96/34850, WO 96/34851, WO 96/30017, 
WO 96/30018, WO 96/30362, WO 96/30363, WO 96/31111, WO 96/31477, 
WO 96/31478, WO 96/31501, WO 97/00252, WO 97/03047, WO 97/03050, 
WO 97/04785, WO 97/02920, WO 97/17070, WO 97/23478, WO 97/26246, 
WO 97/30053, WO 97/44350, WO 98/02436, and U.S. Patent No. 5,532,359. 
For an example of the role of a prenyl-protein transferase inhibitor on angiogenesis 
see European J. of Cancer, Vol. 35, No. 9, pp.1394-1401 (1999). 

Examples of HTV protease inhibitors include amprenavir, abacavir, 
CGP-73547, CGP-61755, DMP-450, indinavir, nelfinavir, tipranavir, ritonavir, 
saquinavir, ABT-378, AG 1776, and BMS-232,632. Examples of reverse 
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transcriptase inhibitors include delaviridine, efavirenz, GS-840, HB Y097, 
lamivudine, nevirapine, AZT, 3TC, ddC, and ddl. 

"Angiogenesis inhibitors" refers to compounds that inhibit the 
formation of new blood vessels, regardless of mechanism.. Examples of angiogenesis 
inhibitors include, but are not limited to, tyrosine kinase inhibitors, such as inhibitors 
of the tyrosine kinase receptors Flt-1 (VEGFR1) and Flk-l/KDR (VEGFR2), 
inhibitors of epidermal-derived, fibroblast-derived, or platelet derived growth factors, 
MMP (matrix metalloprotease) inhibitors, integrin blockers, interferon-a, interleukin- 
12, pentosan polysulfate, cyclooxygenase inhibitors, including nonsteroidal anti- 
inflammatories (NSAIDs) like aspirin and ibuprofen as well as selective cyclooxy- 
aenase-2 inhibitors like celecoxib and rofecoxib (PNAS, Vol. 89, p. 7384 (1992); 
JNO. Vol. 69, p. 475 (1982); Arch. Opthalmol., Vol. 108, p.573 (1990); Anat. Rec, 
Vol. 238, p. 68 (1994); FEBS Letters, Vol. 372, p. 83 (1995); Clin, Orthop. Vol. 313, 
p 76 (1995); J. Mol. Endocrinol., Vol. 16, p.107 (1996); Jpn. J. Pharmacol., Vol. 75, 
15 p 105 (1997); Cancer Res., Vol. 57, p. 1625 (1997); Cell, Vol. 93, p. 705 (1998); 
Intl. J. Mol. Med., Vol. 2, p. 715 (1998); J. Biol. Chem., Vol. 274, p. 9116 (1999)), 
steroidal anti-inflammatories (such as corticosteroids, mineralocorticoids, 
dexamethasone, prednisone, prednisolone, methylpred, betamethasone), 
carboxyamidotriazole, combretastatin A-4, squalamine, 6-O-chloroacetyl-carbonyl)- 
20 fumagillol, thalidomide, angiostatin, troponin-1, angiotensin E antagonists (see 
Fernandez et al., J. Lab. Clin. Med. 105:141-145 (1985)), and antibodies to VEGF 
(see, Nature Biotechnology, Vol. 17, pp.963-968 (October 1999); Kim et al., Nature, 
362, 841-844 (1993); WO 00/44777; and WO 00/61186). 

As described above, the combinations with NSAID's are directed to 
25 the use of NSAID's which are potent COX-2 inhibiting agents. For purposes of this 
specification an NSAID is potent if it possess an IC 50 for the inhibition of COX-2 
of lpM or less as measured by cell or microsomal assays. 

The invention also encompasses combinations with NSAID's which 
are selective COX-2 inhibitors. For purposes of this specification NSAID's which 
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axe selective inhibitoxs of COX-2 axe defined as those which possess a specfictty fox 
inhibiting COX-2 ovex COX-1 of at least 100 fold as measuxed by the xaho of IC50 
fox COX-2 ovex IC50 to COX-1 evalnated by cell ox xnicxosomal assays. Snch 
expounds indude, but axe no. Ihnited ,0 those disc.osed in U.S. Paten. 5,474 995, 
5 issued Decenxbex 12, 1995, U.S. Paten. 5,861,419, issued Januaxy 19, 1999, U.S. 
Paten. 6,001,843, issued Decexnbex 14, 1999, U.S. Paten. 6,020,343, issued Febxuaxy 
, 2000 U.S. Paten. 5,409,944, issued Apxil 25, 1995, U.S. Paten. 5,436,265, issued 
July 25 1995, U.S. Paten. 5,536,752, issued July 16, 1996, U.S. Paten. 5,550,142, 
issued August 27, 1996, U.S. Patent 5,604,260, issued Febxuaxy 18, 1997, U.S. 
,0 5,698,5S4,isaueriDece m bexl6,1997,U.S.Pa.en.5,710,140,isauedJanuaxy 

20 1998 WO 94/15932, published July 21, 1994, U.S. Paten. 5,344,991, issued June 
6 'l994 U.S. Paten, 5,134,142, issued July 28, 1992, U.S. Patent 5,380,738, issued 
Januaxy 10, 1995, U.S. Paten. 5,393,790, issued Febxuaxy 20, U95.V*.*** 
5 466,823, issued Novembex 14, 1995, U.S. Paten. 5,633,272, issued May 27, 1997, 
15 andUS. Patent 5,932,598, issued August 3, 1999, all of which axe hexeby 
incorporated by reference. 

Inhibitors of COX-2 that are particularly useful in the instant method 

of treatment are: 
20 3-phenyl^(4-(me^^ 

,S0 2 CH 3 




-chloro-3<4-methy^^ 



5 
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or a pharmaceutical^ acceptable salt thereof. 

General and specific synthetic procedures for the preparation of the 
COX-2 inhibitor compounds described above are found in U.S. Patent No. 5,474,995, 
issued December 12, 1995, U.S. Patent No. 5,861,419, issued January 19, 1999, and 
U.S. PatentNo. 6,001,843, issued December 14, 1999, all of which are herein 

incorporated by reference. 

Compounds that have been described as specific inhibitors of COX-2 
and are therefore useful in the present invention include, but are not limited to, the 
following: 



HoN 




H 3 C 



^1% 

O 
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or a pharmaceutic* acceptable salt thereof . 

Compounds which are described as specific inhibitors of COX-2 
5 mi are therefore uaefu. in the preaen. inveafion, and methods of synthesis thereof 

Pa t e,tN0.5.44,99U S sued J uneM994, U .S.Pa.n,N0.5A3444 2 ,.,aed^ 
1992 ,US.Pa,en, N o.53S03S, iS sued J anu^ 1 0. 1 995,US.Pa te n,^5 ,790, 

10 ' m5.US.Pa.ntNo. 5,466,823. issu« .November 1995. 

U.S.Pa.entNo.5,633^2.is S uedMay 2 7,1997, mdU .S.Pa.en.No.5,932,598. 

^fifi in me present invention, and methods of synthesis thereof, can be found 

incorporated by reference: U.S. Patent No. 5,474,995, issued ' 
U . S .Pa,en,No.5,861,419,rss«ed I anua I y 1 9,1999,U.S.Pa K n.N0.6,«. 1 343, 

isS uedDecemberl4,1999,US.Paten«No.6,020343,isauedFebruaryl,2000, 

, . 10o , us Patent No. 5,436265, issued 

U S. Patent No. 5,409,944, issued April 25, 1995, U.S. Patent 

20 July 25 1995 U.S. Patent No. 5,536,752, issued July 16, 1996, U.S. Patent No. 
5 ^W^n 1996,U.S.Paten.No. 5,604,260, issued February 18, 
199 7,U.S.Pa,entNo.5,698,584,issuedDecembe r 16, 1 997,andU.S.Paten.No. 

5 710,140, issued January 20,1998. 

Omerexamplesofansogenesiainhibi.o tS include,bn.areno.hm.ted 

25 to.endos.auon.uloadn.ranpimase,^^^ 
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butenyl)oxkanyl]4-oxaspiro[2,5]oct-6-yl(chloroacetyl)carbamate,acetyldinanaline > 
S-anuno-l-ttS^-dichloro-^C^chlorobenzoyDphenyllmethyll-lH-l^.S-triazole-^ 
carboxamide.CMlOl, squalamine, combretastatin, RPI4610, NX31838, sulfated 
mannopentaose phosphate, 7 J<carbonyl-bis[inuno-N-methyM,2-pyrrolocarbonyl- 
5 iinino[N-methyl^>pyrrole]-carbonyliinino]-bis-(l,3-naphthalene disulfonate), and 
3-[(2,4-dimethylpyrrol-5-yl)methylene]-2-indolinone (SU5416). 

As used above, "integrin blockers" refers to compounds which 
selectively antagonize, inhibit or counteract binding of a physiological ligand to 
the cx v p3 integrin, to compounds which selectively antagonize, inhibit or counter- 
10 act binding of a physiological ligand to the av|35 integrin, to compounds which 
antagonize, inhibit or counteract binding of a physiological ligand to both the 
a v P3 integrin and the cx v P5 integrin, and to compounds which antagonize, inhibit or 
counteract the activity of the particular integrin(s) expressed on capillary endothelial 
cells. The term also refers to antagonists of the cc v P6> avP8, aiPl, 0X201, asPl, 
15 cx6pl and 0604 integrins. The term also refers to antagonists of any combination 
of avfo, a v P5. «vP6, «vP8, aiPl, °t2Pl, a 5Pl, «6Pl and CX6P4 integrins. 

Some specific examples of tyrosine kinase inhibitors include N- 
(trifluoromethylphenyl)-5-methyUsoxazol-4-carboxamide, 3-[(2,4-dimethylpyrrol- 
5-yl)methyhdenyl)indolin-2-one, 17-(allylamino)-17-demethoxygeldanamycin, 4-(3- 
chlorc)-4-iluorophenylamino)-7-memoxy-6-[3-(4-morpholinyl)propoxyl]qmnaz 
N-(3-emynylphenyl)-6,7-bis(2-memoxyemoxy)-4-quinazoUnamine, BIBX1382, 
2,3,9,10,ll,12-hexahydro-10-(hydroxymethyl)-10-hydroxy-9-methyl-9,12-epoxy- 
lH-diindolo[l,2,3-fg:3\2\l'-kl]pyrrolo[3,4-i][l,6]benzodiazocin-l-one, SH268, 
genistein, STI571, CEP2563, 4 -(3-chlorophenylamino)-5,6-dimethyl-7H-pyrrolo 
25 [2,3-d]pyrimidinemethane sulfonate, 4-(3-bromo-4-hydroxyphenyl)amino-6,7- 
dimemoxyquinazoline,4-(^ 

SU6668, STI571A, N-4-chlorophenyl-4-(4-pyridylmethyl)-l-phmalazinamine, and 
EMD121974. 



20 
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„„ - c nrP fl1<;0 US eful alone or in combination with 
The instant compounds are also useiui, ^ 

^ fibrinogen receptor (GP HbM antagonists, such as tirofiban ,o inhibit 

L— . °f cancerous ceUs. Tumor ce,.s can activate p-ets largely 

^rion. Thrsacuvauo ™E Therelease 

of VEGF enhances metastasis by increasing extravasation at points of adhesion to 

vaS cular endothehum (Ami—, m*» 10, 285-292, 1999). Therefore he 

pmsent compounds can serve to inhibit metastasis, aione or in «*—"** 

ahciximab, epriftbaride, sibrafiban, iammbar,, lotrafibar, cromofiban, and CT*352 
Combinations with compounds other than anU-cancer compounds are 
also encompasseri to trea, condirions other man cancer. For example, eombinariona 
alsoencompaa •„, to .r v fi » PPAR-gamma) agonists are 

of the instantly claimed compounds with PPAR-y (re., WAK.g . 
^fmmmetreatuentofdiabericmtinopamy. PPAR-yisthenudearperoxis me 

oeen reported in the hteraUire (see , Carcase. ^ 3 ^ 

Biol CUn. 1999 : 274l9116-9 12 l; «— fc 2 °° 0, 

„ VEGF in vitro; bom .rogutazone and rosi^itazone maieate iiuublt he 
aevelopmentof reriual neovascularizauon in mice. (An*. 0**-**? • 

9 . 70 l 7 17). Examples ofPPAR^aganoi^andPPAR^agano^mclude.bu, 

TOsigli ,azone, and piogUtazone). fenofibrate, gemfibrozil, 

SB2T9994 AR-H039242, JTT-501.MCC-555, GW2331, GW409544, NN2344 

mpro P yl-3-<rifluoromemy,-l,2— ^ 

iLd in USSN 09/782,856), and 2(R )-7-(3-(2-ch,oro^(4- fi uoroP*enoxy) 
phenoxrtpropoxy^mylchromane^-carboxylic acid (disc.osed m US N 
60/235708 and 60/244,697). Thus.amemod of Keating or preventing diabeuc 
myopathy which comprises administering a therapeutic* effecdve amount o, a 
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claimed compound in combination with a PPAR-y agonist is also within the scope of 

the present invention. 

Another aspect of the invention is illustrated by a composition 
comprising a therapeutically effective amount of the disclosed tyrosine kinase 
5 inhibitors and a steroidal anti-inflammatory. Steroidal anti-inflammatories include, 
but are not limited to, corticosteroids, mineralocorticoids, dexamethasone, 
prednisone, prednisolone, methylpred, and betamethasone. This combination is 
particularly useful in ophthalmic formulations which may, in some cases, be 
associated with irritation of the ocular tissues. 
10 A particularly useful combination for the treatment of diseases wherein 

aberrant angiogensis is present invloves administering a therapeutically effective 
amount of the instantly disclosed tyrosine-kinase inhibiting compounds in 
combination with photodynaraic therapy and a photosensitive drug such as 
verteoporfin (BPD-MA) (Carruth, Clinical Applications of Photodynamic Therapy, 
15 Int. J. Clin. Pract. 1998; 52(l):39-42). Such diseases include, but are not limited to, 
age-related macular degeneration (Bressler, Treatment of Age-Related Macular 
Degeneration with Photodynamic Therapy Investigation Using Verteoporfin, Invest. 
Ophthalmol. Vis. Sci. 1998; 39 S242), cancer, especially melanoma and non- 
melanoma skin cancer , including basal cell and squamous cell carcinomas, (Hassan 
20 andParrish, Photodynamic Therpay in Cancer, Cancer Med 1997; Dougherty et al., 
Photodynamic Therapy for the Treatment of Cancer. Current Status and Advances in 
Photodynamic Therapy of Neoplastic Disease. Kessel (Ed.), CRC Press, 1989; 1-19); 
Dougherty et al., Photodynamic Therpay, J. Natl. Cancer Inst., 1998, 90(12): 889-905; 
Jori, Factors Controlling the Selectivity and Efficiency of Tumour Damage in 
25 PhotodynamicTherapy, Laser Med. Sci. 1990; 5: 115-120; Zhou, Mechanism of 

Tumour Necrosis Induced by Photodynamic Therapy, J. Photochem. Photbbiol. 1989; 
3: 299-318), psoriasis (Bissonnette et al., Photodynamic Therapy of Psoriasis and 
Psoriatic Arthritis with BPD verteporfin. 7 th Biennial Congress, International 
Photodynamic Association, Nantes, France 1998:73), and rheumatoid arthritis 
30 (Hendrich et al., Photodynamic Therapy for Rheumatoid Arthritis. Lasermedizin 1 1: 
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73-77 (1995); Hendrich et d. Photodynamic Laser Therapy for Rheumatoid Arthritis: 
Cell Culture Studies and Animal Experiments, Knee Surg Sports Traumatol 

Arthroscopy 5: 58-63 (1997). 

Another embodiment of the instant invention is the use of the presently 
disclosed compounds in combination with gene therapy for the treatment of cancer. 
For an overview of genetic strategies to treating cancer see Hall et al (Am J Hum 
Genet 61:785-789, 1997) and Kufe et al (Cancer Medicine, 5th Ed, pp 876-889, BC 
Decker Hamilton 2000). Gene therapy can be used to deliver any tumor suppresing 
gene. Examples of such genes include, but are not limited to, P 53, which can be 
delivered via recombinant virus-mediated gene transfer (see U.S. Patent No. 
6 069 134, for example), a uPA/uPAR antagonist (" Adenovirus-Mediated Delivery of 
a uPA/uPAR Antagonist Suppresses Angiogenesis-Dependent Tumor Growth and 

gamma (J Immunol 2000;164:217-222). 

VEGF receptor tyrosine kinase have been reported to cause a sustained 
increase in blood pressure in rats when administered more than once, particularly 
when administered chronically. It is desirable, however, to produce an antiangiogemc 
effect without causing hypertension. This can be achieved by treating a disease state 
associated with angiogenesis with a therapeutically effective amount of a combination 
20 of an anti-angiogenic agent, such as those presently disclosed, and an anti- 
hypertensive agent (see WO 01/74360, hereby incorporated by reference). The 
present invention therefore encompasses a pharmaceutical composition comprising a 
therapeutically effective amount of a combination of a compound of Formula I and an 

anti-hypertensive compound. 

An anti-hypertensive is any agent which lowers blood pressure. There 
are numerous categories of anti-hypertensive agents including calcium channel 
blockers, angiotensin converting enzyme inhibitors (ACE inhibitors), angiotensin H 
receptor antagonists (A-II antagonists), diuretics, beta-adrenergic receptor blockers ((5- 
blockers), vasodilators, alpha-adrenergic receptor blockers (a-blockers), selective 
30 neutral endopeptidase (NEP) inhibitors and dual ACE-NEP inhibitors. Any anfc- 
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hypertensive agent may be used in accordance with this invention and examples from 

each class are given below. 

Calcium channel blockers which are within the scope of this invention 
Wude, but are no. limited ,o; amlodipine (U.S. Paten. No. 4,5 72,909). bepridi, (U. 
5 S Paten. No. 3,962,23 8 or U.S. Reissue No. 30,577); clentiazem (U.S. Paten. No. 4, 
567 175). diltiazem (U.S. Parent No. 3,562,257). fendUine (US. Paten. No. 

3 o(a 977)' gallopamil (U.S. Paten.No. 3,261,859); mibefradil (U.S. Patent 

No 4 808,605); prenylamine (U.S. Paten. No. 3,152,173); semotiadil (US. Paten. No. 

4 786,63 5); terodilioe (US. Paten. No. 3,3 71,014); verapamil (U.S. Patent No. 
10 3 261 859); aranidipine (U S. Paten. No. 4, 446,325); bamidipine (U.S. Paten. No. 

4 220 649); benidipine (European Patent Application Publication No. 106575); 
cnnidipine (U.S. Patent No. 4,672,068); efonidipine (U.S. Paten. No. 4,885,284); 
elgodipine (U.S. Patent No. 4,952,592); felodipine (U.S. Patent No. 4, 264,611); 
israd ipine (U.S. Paten. No. 4,466,972); lacidipine (U.S. Patent No. 4,801,599); 
15 lercanidipine (U.S. Paten. No. 4,705,797); mamdipine (U.S. Patent No. 4,892,875); 
. nicardipine (U.S. Paten. No. 3,985,758); nifedipine (U.S. Patent No. 3,485,847); 
nilvadipine (U.S. Patent No. 4,338,322); nimodipine (U.S. Patent No. 3,799,934); 
nisoldipine (U.S. Paten. No. 4,154,83 9); nitrendipine (U.S. Paten. No. 3,799,934); 
cinnarizine (US. Patent No. 2,882,271); flunarizine (U.S. Paten. No. 3,773,93 9); 
20 lidoflazine (U.S. Patent No. 3,267,104); lomerizine (US. Patent No. 4,663,325); 
bencyclane (Hungarian Paten. No. 151,865); etafenone (German Paten. No 
1,265,758); and perhexiline (British Patent No. 1,025,578). The disclosures of all such 
patents and patent applications are incotporated herein by reference. 

Angiotensin Converting Enzyme Inhibitors (ACE-Sihibitors) which are 
25 within the scope of this invention include, but am no. limned to; alacepri, (U.S. Patent 
No 4 248,883); benazepril (US. Patent No. 4,410,520); captopril (U.S. Patents Nos. 
4 046,889 and4,105,776); cetonapril (U.S. Patent No. 4,452,790); delapril. (U. S. 
Patent No. 435,05 1); enalapri. (US. Paten. No. 4,374,829); fosinopril (U.S. Paten. 
No 4 33 7 201); imidapril (US. Patent No. 4,508,727); lisinopril (U.S. Patent No. 
30 4,555,502); moveltipril (Belgium Patent No. 893,553); perindopril (U.S. Patent No. 
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• •, ms PatentNo 4,344,949); ramipril (U.S. Patent No. 
4,08,729); „ ™» * temocapnl ^ patentN0 . 

No . 5 , 196 ,^).^ <^£» ffld — (U.S. PafcntNo. 

5,270,317); losaxun (U.S. Pa* N ^ ^ ^ fcy 

5,399,578. The disclosures of all such U.S. patents 
° eBloe^swhicharewithtntheseopeof^invenaoninc.ude.but 
p-Blockers paKntNo . 3,857.952); alprenolo! (Netherlands 

--^-^^—(U.S.ParentNo. 4,217.305); 
Patent AppUcatton ^ patents Nos . ,,663.607 and 

— ' .TlraSP** 3,853,923); be.axo.0. (U.S. Paten, No. 
15 3,836,671); befuno.ol (U.S. Paten. No ^ ^ ^ 

8,062); boptndolol (U.S. Patent bufuralol ^.s. PatentNo. 

3,929,836); bumtrolol (U.S. Patent No. , % „ bu tofilolol (U.S. 

20 3,309,406,; b udd ri neH y o t oeh,o ri de(Prenc ^^^^ 
PatentNo. 4,302,601); carazotoHGennanPatentNo^ 

ceUprolo. (U.S. Patent No. 4,034,009); cetamolo) parent 

4 , 012 ,444); levobunolol (U.S. Patent Ucation No . 

128,471); metoprolol (U.S. FatemiNo. 
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769V nadolol (U.S. Patent No. 3,935,267); nadoxolo! (U.S. Patent No. 3,819,702); 
„ebiva,o> (0. S. PatentNo. 4,654,3 62); nipradilol (U.S Patent No. ^2); 
oxprenolol (Brittsh Paten. No. 1, 077,603); penbutolo. (U.S. Paten. No. 3,551,493); 
pindolol (SwissPatents Nos. 469,002 and472,404); practolol (U.S. PatentNo. 
5 3 408,387); pronetoaiol (British Pa.en. No. 909,357); propranolol (U.S. Patents No, 
3*337 628 and 3,520,919); sotolol «Jk* e« a!., Journal of Medicinal Chemistry, 1966, 
9 88); sulfinalo. (German Patent No. 2,728,641); talmolol (U.S. Patents Nos 
3 935 259 and 4,038,313); tertatolol (U. S. Paten, No. 3,960,891); timolol (U.S. 
Pateni No. 4,129,565); timolol (U.S. Pa.en.No. 3,655,663); .oHprolo. (U.S. Patent 
10 No. 3,432,545); and xibenolol (U.S. Palen. No. 4, 018,824). The disolosnres of all 
such patent paten. applications and references are incorporated herern by reference. 

a-Bloekers which axe within me scope of this invention melnde, hot 
^oUimitedto; amosulalol (U.S. Paten, No. 4,217,305); arotinoW, dapip^ (U. 
S Paten.No. 4,252,72!); doxazosin (U.S.Pa,en,No. 4,188390); fenspiride (U.S^ 
,5 Pa,en, No. 3,399,192); indoratmn (U.S. Pa,en, No. 3,527,76!); labeto.0); naf.op.to. 
(US Pa,en,No. 3,997,666); nicergohne (U.S. Pa,en,No. 3,228,943); prazosrn (U.S. 
Patent No. 3,5)1,836); tainsmosin (U.S. Paten. No. 4,703,063); ro.azo.ine (U.S. 
Pa tt ntNo.2,161,938);tiimazosin(U.S.Pa K n,No.3,669,96 8 );ar,dyohimb 1 ne. The 

disclosures of all snch U.S. patents are incorporated hereto by reference. 
20 The term "vasodilator" as used herein is meant to include cerebral 

vasodilators, coronary vasodilators and peripheral vasodilators. Cetobra. vasomotors 
withto the scope of mis invention include, but are no. limited to; >«* 
cinnarizine; citicotine; cyclase (U.S. Paten, No. 3,663,597) mclonrcate Germ*. 
Paten.No. 1,910,481); diisopropylamine dichloroacetate (British PatentNo. 862,248), 
25 ebnmamontoe (Hermann etal., Journal of me American Chemica.Soc.ery, 

1979 101 1540);fasuml(U.S.Paten,No.4,678,783);fenoxedil(U.S.Paten,No. 

3 818,021); flunarizine (U. S. Patent No. 3,773,93 9); ibndilast (U. S. Patent No. 
3 850,941); ifenprodil (U.S. PatentNo. 3,509,164); lomerizine (U.S. Paten, No. 
4,663,325); nafrony. (U.S. Paten. No. 3,334,096); nicamcate (BUOce e, a.., Jouma. of 
toe American Chemical Society. 1942, 64, 1722); nicergoltoe; nimodipino (U.S. 



30 

-37 



WO 02/45652 



PCTAJS01/44573 



10 



15 



• frrAMvro Chem Prod. Chem. News, 1954, 17, 37 
Patent No. 3,799,934); papavenne (Goldberg, Chem.fr 

; ^ffine (German Paten, No. 860,217); dnotedrine (US. Paten, 
*Lrine (U.S. Paten, No. 3,770,7*4); vinpocetine (U S. Patent No, 4,0^50), and 
viqmdi! (U.S.Pa te ntNo. 2 ,500,444).7 1 tedisdosn reS ofa U suehpa.enU.^ 

3 010,965); bendazol (Feitelson, et al., J. Chem. Soc. 1958, 

' teOJS Patent No. 3,355,463); benziodarone (US. Patent No. 
hemisuccmate (U.S. parent imu. , 

, , • • „ rorit,,h Patent No. 740,932) chromonar (U.S. Patent rso. 
3 012 042V, chloracizme (British rateni « w. . „ 
3 S, . 0.0— (BririshPaten.No. 1,160.925); 0,-0— (U.S. 
PatenrNo. 4,452,811); driazep (U.S. PatentNo. 3,532,685); dipyri^n* 
(British Patent No. 807,826); droprenilarnine (Gennan Patent No, W21.113) 
(Bntrsh paten sm „ 2 a „ d 824 547); etythrityl terianitrate; etafenone 

e floxate(Briu S hPatent S Nos.803,372and824, 5 4/,, w 

. xt , •>« 14 8V fendiline (U. S. Patent No. 3,262,97 /), uoreou 
(Gennan Paten. No. 1,265,75 8), fendri ( 

(German PatentNo. 2,020,464); gan^ene (USSS. P- ^ 

bis(P-diethylaminoethyl) ether (Lowe et al. , J. Chem. Soc. 1951, ' 

(U.S. Paten, No. 3,267,103); Uramin tosy,a.e (Swedish Pate* Na MM «* »*■ 

No 3,267,104); mannitol hexanteate; medibazine (U.S. Paten, No. 3 119,826) 

, mV nrODatvl nitrate (French PatentNo. 1,103,113), trapimuc 
3,152,173), propatyl n t ^tazidine (U.S. Patent 

PatentNo. 5 5,956); tncromy) (U.S. PatentNo. 2 . J 
No 3 262 852); trolnitrate phosphate; visnadine (U.S. Patents Nos. A • 
5 Th disaosnresofalUnchpatenteandreferenceaareincorpora^heren 

£EL Peripheralv^tswiUtin^scopeofUUsinvenrionntc^ha, 

,Corri»an e, a!.. lonraa. of Ore American Chemical Society, 1945, 67, 1894) 

— CWalter^.^o^eAmerioanate^S^ 

63); bradyxinin; brovincamine (U.S. Paten, No. 4,146,643); buraraode (U.S. 
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Patent No. 3,542,870); buflomedil (U.S. Patent No. 3,895,030); butalamine (U.S. 
IZ NO 3 338.899); c-Wtt (Ftench Pate,. No. 1.460,571); create (Oennan 

African Chemical Society, 1947, 69, 2907); isoxsuprine (U.S. Patent ^ 
^56 836); hauidin (Nicolaides e, al„ Biochem. Biophy, Res. Cotnntun., 161, 6, 

5 38); natron,,; nicatnetate; nicergoline; nicofaranose (Swiss Paten. N. 6 523), 

uloctidil (Germa.Pa.en.No. 2,334,404); to.azoline (U.S. Paten. No. 2 161,938), an 
sulocuou . disclosures of all such 

xanthine! niacinate (German Paten. No. 1,102,750). 
parenu and references are ir.corpora.ed herein by reference. 

Tte term "diuretic" aa used herein inc.udea bu. is no. hunted » 
oiuretic benzodnadiazine derivatives, diuretic or S anomercurials 
L* Steroids, diuredc suh— delves, diuretic uracris and 

i sucnasaiuoi^ chlorazaml 
639,386); arbuttn (Tschitschibabin e. al„ Annalen, 1930, 479^3 ) 

(Austrian Pa.en.No. 168,063); ethacrynic acid (U.S. Paten. No. 
( U.S.Paten.No.3,072,653);hydreca I baz i ne(BtitishPa.en.NO h 856^,,^o* 

£,.Pa.entNo.3,160,641,; m anni,ol^^ 
5 To 957); muzonntine (U.S. Pa.en. No. 4,018,890); pethidine; trcrynafen (US. 

-> yv,yj/j* r*0Y and urea. The 

PatentNo 3758 ) 506);triamterene(U.S.PatentNo.3,081,230),ana 

Paten. No. 3,392,168); ben*nrazide (U.S. Paten.No. 3,440^44); benzy! 
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Mroch.orothiazide (U.S. Pa.en.No. 3,108,097); buthiazide (Briflsh Patents No, 
861 367 and 885,078); chlorothiazide (US. Patents Nos. 2,809,194 and 2,937,169), 
ch>orthahdone (U.S. Patent No 3,055,904); cyclopenthiazide (Be.gium Paten. No. 
587 225)- cyclothiazide (Whitehead et a) Journal of Organic Chemistry, 1961, 26, 
2814); epithiazide (U.S. Paten, No. 3,009,911); ethiazide (British Patent No. 
861 367); fenqnizone (U.S. Paten. No. 3,870,720); indapamide (U.S. Patent No^ 
3 565 911)- hydrochlorothiazide (U.S. Paten. No. 3,164,588); hydroflumednaz.de 
(U S Paten. No. 3,254,076); methydouuazide (Close e. al„ lonmal of the Amencan 
Chemica! Society, 1960, 82, 1132); meticrane (French Patents Nos. M2790 
and 1,365,504); nre.olazone (U.S. Patent No. 3,360, 51 8); parafluuz,de (BCgrnm 
Patent No. 15 620,829); polytiuazide (U.S. Patent No. 3,009,91 1); quinethazone ^* 
Patent No. 2,976,289); teclothiazide (dose e, a,., Journal o, the American Ctarnrctd 
Society, 1960, 82, 1 132); and tichlonnethiazide (deStevens e, a!., Ezpenenh* 1960, 
16 113) The disclosures of allsnoh paten* and references are incorporated hemn 
b y' reference. Diunaic sdfonamide derivatives within the scope of this invennon 
L.e.bn.areno.nnnted^ace.azoianndetU.S.Paten.No. 2,554,816)^00^ 

(US P aten.No.3,18 8 329);azosennde(U.S.PatentNo.3,665,002);hun 1 eten,de 
(O.S. Paten. No, 3,806,534); hutazolamide (British Paten. No. 769,757); 
cMoranrinophenanride (U.S. Paten* No, 2,909,194; 2,965,655; 

3 459 756); ciorezoione (U. S. Paten. No. 3,183,243); dWfamide (British Paten. No. 
851 287); ethozo,amide (British Paten. No. 795,174); furosemide (U.S. Patent No. 
3 058,882); mefruside (U.S. Paten. No.3,356,692); methazo.amide (U.S. Paten. No. 
2'783,24 1); pnetanide (U.S. Patent No. 4, 010,273); torsemide (U. S. Paten, No. 
, 4 018,929); tripamide (Japanese Paten. No. 305,585); and zipamide (U.S. Paten. No. 
3,567,777). The disclosures of all such patents and references are incorporated herem 

by reference. , 
Selecbve neural endopepridase inhibitors are <augh, by Delaney e. al. 

ta United States Paten* 4,722,810 and 5,223,516 and the use of se.ec.ive „eutraj 
endopepfldase inhibitors alone or in combination wiih angiotensin convening enzyme 
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■ a hnth neutral endopeptidase and angiotensin converting enzym 

P°~^"^T" ^ talinUnited statesPa te nt5,366,973 > European 

activity are disclosed by Flynn et al. in urn 

* r »tinn 481 52^ and PCT Patent Applicahons WO 93/16103, ana 
Patent Application 481,^- ana r 

•u/10193 Warshawskyetal. European Patent Applications 534,363, 534,395 

94/10193, warsndwsM rw : rtn s?4 553 Karanewsky et al. 

«4 492 Foumie-Zaluski European Patent Application 524,553, *ar / . 

534,492, Foum wsky Europe an Patent Application 595, 

European Patent Application 599,444 K 

ai n Robl et al European Patent Application 629,627, Rom un 

610, Robl et ai., cur p disclosures of all such 

5 362 727 and European Patent Application 657,453. 

prodrugs, hydrates or soivaiw , e n f the invention include, 

' — ■ tr— rjrr r 

^entWhenacompoundofrhe invention or prodrug thereof .s pro 
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«. S oecif.ed ingredients in the specified amounts, as well as 

™^.ral doctor or other clinician, 
a marcher, vefcnnanan, medrcal docto ^ 
Th P term "treating cancer or treatment 01 *, 

al afflicted with a cancerous condition and refeta to an 
^^don^amatmnalafllte^™ ^ ^ cancero ua cells, but also 

effect tat alleviates the cancerous condrhon by Mhng 

^^"^rjZ^^ono.a.er.pe,^ 

20 aqueous soluUons compnsrng cornpov, ^ 
acceptable earners, e.g., saline, at a pH level, e.g., / 

, tdete^ned by *e prescribing 

a human subject, the daily dosage w 

weight per day, preferably of between 0.5 mgfc 
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of body weight per day. 

The scope of the invetion therefore encompasses the use of the 
instantly claimed compounds in combination with a second agent selected from: 
1) an estrogen receptor modulator, 
5 2) an androgen receptor modulator, 

3) retinoid receptor modulator, 

4) a cytotoxic agent, 

5) an antiproliferative agent, 

6) a prenyl-protein transferase inhibitor, 

7 ) an HMG-CoA reductase inhibitor, 

8) an HIV protease inhibitor, 

9) a reverse transcriptase inhibitor, and 

10) another angiogenesis inhibitor. 

Preferred angiogenesis inhibitors to be used as the second agent are a 

15 tyrosinekinaseinmbi^ 
. of fibroblast-derived growth factor, an inhibitor of platelet derived growth factor, an 
MMP (matrix metalloprotease) inhibitor, an integrin blocker, interferon-a, 
interleukin-12, pentosan polysulfate, a cyclooxygenase inhibitor, 
carboxyamidotnazole, combretastatin A-4, squalamine, 6-0-(chloroacetyl-carbonyl - 
20 fumagillol,maUdomide,^^ ***** 
estrogen receptor modulators are tamoxifen and raloxifene. 

Also included in the scope of the claims is a method of treating cancer 
W hich comprises administering a therapeutically effective amount of a claimed 
compound in combination with radiation therapy and/or in combination with an agent 
25 selected from: 

1) an estrogen receptor modulator, 

2) an androgen receptor modulator, 

3) retinoid receptor modulator, 

4) a cytotoxic agent, 

30 5) an antiproliferative agent, 
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6) a prenyl-protein transferase inhibitor, 

7) an HMG-CoA reductase inhibitor, 

8) an HTV protease inhibitor, 

9) a reverse transcriptase inhibitor, and 
5 10) another angiogenesis inhibitor. 

And yet another embodiment of the invention is a method of treating 
cancer which comprises administering a therapeutically effective amount of a 
compound of Formual I in combination with paclitaxel or trastuzumab. 

The invention further encompasses a method of treating or preventing 
10 cancer which comprises administering a therapeutically effective amount of a claimed 
compound in combination with a COX-2 inhibitor. 

These and other aspects of the invention will be apparent from the 

teachings contained herein. 
15 Definitions 

The compounds of the present invention may have asymmetric centers, 
chiral axes, and chiral planes (as described in: E.L. Eliel and S.H. Wilen, Stereo- 
cliemistry of Carbon Compounds, John Wiley & Sons, New York, 1994, pages 1119- 
1190), and occur as racemates, racemic mixtures, and as individual diastereomers, 

20 with all possible isomers and mixtures thereof, including optical isomers, being 

included in the present invention. In addition, the compounds disclosed herein may 
exist as tautomers and both tautomeric forms are intended to be encompassed by the 
scope of the invention, even though only one tautomeric structure is depicted. For 
example, any claim to compound A below is understood to include tautomeric 

25 structure B, and vice versa, as well as mixtures thereof. 

1 OH ,0 

R vJL R !JL 

j6 — - jRt 
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B 



When any variable (e.g. R", R«, R 7 etc.) occurs more than one time 
in any consri.uen.au definirion on each occurrence ,s independent at every o*er 

5 occurrence. Also, combinations of substttuema and variabies are pennissrb.e oniy 
if such combinauons result in stab.e compounds, lanes drawn into me ring sy«ems 
to, subsrimenu indicate ma, me mdicated bond may be attached to any of me sub- 
srittttableringcarbon atoms. If me ring system is polycyclic, ..is in.ended.hat.be 
bond be attached to any of the sui.ab.e carbon a«oms on me proximal nng only. 

, 0 It is understood that substituenta and substitution patterns on the 

compounds of the instant invention can be selected by one o, ordinary skill in the art 
t0 provide compounds ma, axe chemically stable and mat can be readily synthesrzed 

available batting material, * a aubsttmen, ia ttself substituted with more man one 

15 group, i, is understood ma, these muluple groups may be on me same carbon or 

1 dLent carbons, so ,on g as a stab.e structure results. The phrase "opttonaUy 

subsume wim one or more subsdmenK" should be taken » be equivden, ,o ttre 

phrase "oprionaily substituted with a, leas, one subsrimen," and in such cases the 

preferred embodiment will have from zero to three substttuents. 
M Aa^he^n.Wiatatendedmincludebombranched.strarght- 

chatn and cyclic samrated aUpharic hydrocarbon groups having the specified number 
ofcurbon atoms. For example. d-ClO, as in "C.-ClO alky." is defined to mclude 

u ■ nu 5 6 7 8 9 or 10 carbons in a linear, branched, or cyclic 
groups having 1, 2, 3, 4, 3, o, /, o, y i» ™ 

arrangement. For example, "C-dO alkyl" specifically includes memyl, ethyl, 
25 propyl, butyl, pentyl. hex,., hepty.. o«yl, nonyl, decyl, and so on, as well as Cyclo- 
ps -h as cyclopropyl, cyciobutyl, cyCopemy., cyclohexyl. tetrahydronaphfca- 
JL methyienecylohexyl, and so on. "AUtoxy" represents an a.ky. group o, mdrcated 
number of carbon atoms attached through an oxygen brtdge. 

If no number of carbon atoms is specified, the term alkenyl refers 
30 t oanon-a ro marichydrocarbon ra d i cal,s,rmgh,,branchedorcycUc.con,aimn g from 
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2 to 10 carbon atoms and at least 1 carbon to carbon double bond. Preferably 1 
carbon to carbon double bond is present, and up to 4 non-aromatic carbon-carbon 
double bonds may be present. Thus, "C 2 -C 6 alkenyl" means an alkenyl radical 
having from 2 to 6 carbon atoms. Alkenyl groups include ethenyl, propenyl, butenyl 
and cyclohexenyl. As described above with respect to alkyl, the straight, branched or 
cyclic portion of the alkenyl group may contain double bonds and may be substituted 
if a substituted alkenyl group is indicated. 

The term "alkynyl" refers to a hydrocarbon radical straight, branched 
or cyclic, containing from 2 to 10 carbon atoms and at least 1 carbon to carbon triple 
bond. Up to 3 carbon-carbon triple bonds may be present. Thus, "C 2 -C 6 alkynyl 
means an alkynyl radical having from 2 to 6 carbon atom, Alkynyl groups include 
ethynylpropynylandbutynyl. As described above with respect to alkyl, the strarght, 
branched or cyclic portion of the alkynyl group may contain triple bonds and may be 
substituted if a substituted alkynyl group is indicated. 

In certain instances, substituents may be defined with a range of 
carbons that includes zero, such as (C 0 -C6)alkylene-aryl. If aryl is taken to be phenyl, 
this definition would include phenyl itself as well as -CH 2 Ph, -CH 2 CH 2 Ph, CH(CH 3 ) 

CH2CH(CH3)Ph, and so on. 

As used herein, "aryl" is intended to mean any stable monocyclic 
or bicyclic carbon ring of up to 7 atoms in each ring, wherein at least one ring is 
1 aromatic. Examples of such aryl elements include phenyl, naphthyl, tetrahydro- 
naphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl. In cases where 
the aryl substituent is bicyclic and one ring is non-aromatic, it is understood that 

attachment is via the aromatic ring. 

The term heteroaryl, as used herein, represents a stable monocyclic or 
bicyclic ring of up to 7 atoms in each ring, wherein at least one ring is aromatic and 
contains from 1 to 4 heteroatoms selected from the group consisting of O, N and S. 
Heteroaryl groups within the scope of this definition include but are not limited to: 
acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl, 
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furanyl, thienyl, benzothienyl, benzofuranyl, quinolinyl, isoquinolinyl, oxazplyl, 
isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetra- 
hydroquinoline. In cases where the heteroaryl substituent is bicyclic and one ring 
is non-aromatic or contains no heteroatoms, it is understood that attachment is 
via the aromatic ring or via the heteroatom containing ring, respectively. If the 
heteroaryl contains nitrogen atoms, it is understood that the corresponding N-oxides 
thereof are also encompassed by this definition. 

As appreciated by those of skill in the art, "halo" or "halogen" as used 
herein is intended to include chloro, fluoro, bromo and iodo. Hie term "heterocycle" 
or "heterocyclyl" as used herein is intended to mean a 5- to 10-membered aromatic 
or nonaromatic heterocycle containing from 1 to 4 heteroatoms selected from the 
group consisting of O, N and S, and includes bicyclic groups. "Heterocyclyl" there- 
fore includes the above mentioned heteroaryls, as well as dihydro and tetrathydro 
analogs thereof. Further examples of "heterocyclyl" include, but are not limited to 
the following: benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl, 
benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, 
furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, 
isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, 
oxazolyl, oxazoline, isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyndazmyl, 
pyridopyridinyl, pyridazinyl, pyridyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, 
quinoxalinyl, tetrahydropyranyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, 
thienyl, triazolyl, azetidinyl, aziridinyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, 
piperidinyl, pyrxoUdinyl, morpholinyl, thiomorpholinyl, dihydrobenzoimidazolyl, 
dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydrofuranyl, 
dihydroimidazolyl, dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, 
dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl, dihydropyrazolyl, 
dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dihydroquinolinyl, 
dihydrotetrazolyl, dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl, 
dihydrotriazolyl. dihydroazetidinyl, methylenedioxybenzoyl, tetrahydrofuranyl, 
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co^pondingN-oxidesthereofarealsoemcompassedbymisd^on. 

The alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and 
betetocydyl substihtents may be unsubshtuted or unsubstituted, unless specifically 
heterocyciy substituted with one or mote 

defined otherwise. For example, a (Ci-C6)aucyt may o 

Omenta seleeted from OH, oxo, halogen, alkoxy, malkylarnino, or heterocyoW 

„ j nu thp following are included in tne 
instance wherein the substituents are oxo and OH, the toliowin e 

The phannaceufically acceptable salts of the compounds of thts 

as formed inorganic or organic acids. For example, convenbona, non-t xtc ,1* 
mclu oemosedenvedfrommorganic acids such as hydrochlonc. bydrobm^ 
sulfuric, sulfamic, phosphoric, nibic and fire .ike, as well as salts prepared from 
organic acids such as acetic, propionic, succinic, glycofic, stearic, laebe, mafic, 
JLdc citric ascorbic, pamoic, maleic, hydroxymaleic, phenylacefic, glutamtc, 
benzoic, saficyfic, sutfatufic, 2-acetoxy-benzoic, fumanc, toluenes uKmtc. 
otethanesulfonic, ethane msufionic, oxalic, isethionic, nifluoroacenc and the Ute. 

typical pharmaceutic*!!, acceptable saits is more fnUy described by Berg e a,.. 

„ceufical /■ nam. «• 1977:66:1-19, hereby incorporated by 

• ,, .„„.nt,hfe salts of the compounds of this invenbon 
reference. The pharmaceuucally acceptable salts oi tne v 

can be synthesized from the compounds of mis invention which content 
a basic or acidic moiety by convenfional chemical methods. Generally, 
5 of.hebasiccompound.areprep.edeimerbyionexchangechrema.ographyorby 

relg the free base with stoichiometric amounts or with an excess of the destred 
IILng.no^eoror^cacldmasmtab.eso.ventorvarlouscombmabons 

^solvents Similarly, the salts of the acidic compounds are formed by reacbons 
with the appropriate inorganic or organic base. 

Preferably Y is O or S. More preferably Y is S. 
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,^« te «onofR 2 i S (C 1 -C 1 0)«— 

alkylene is optionally substituted with one or more substituents ^ ' 

M*«1H.(C1«# MorepreferablyRl 1S H. 
P^bly^isHor^-C^yl. More preferably is H. 
Preferably R 5 is H. 

p ref e ra b 1 yK6 i sCN, h elo g en.phenyl,o rh ete r ocye,yl. Preferred 
, , as defined in R° are thienyl, pyrimidinyl, pyndmnyl, 

heterocycle with 5-7 members in each ring P hetetocyde 
« i or 2 additional heteroatoms selected from IN, u ana , 

15 keeping in _ „ N . ox ides are also 

substituentschosenfromRdandthatthecorrespondmgNoxi 

encompassed by the claims: 
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R d R 



d R d R d 



\— N 



K^xL 



r- R d R d R 

d R d R d "9 , Rd 



T/v-/ w ^ -<i « 



R 



R d R d 



d 





R 



d 



When Rd is heterocyclyl, preferred definitions include pyridyl, 
5 pyrrolidinyl, pyrrolyl, piperidyl, morpholinyl, piperazinyl, furanyl, tetrahydrofuranyl, 
dioxidotetrahydrothienyl, thiomorpholinyl, dioxothiomorpholinyl, imidazoUdinyl, 
oxoimidazolidinyl, dioxidothietanyl, and dioxyl, optionally substituted with one, two 
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« three substituents selected from Re, and the corresponding N-oxides of the N- 

containing heterocycles. 

The compounds of this invention may be prepared by employing 
reactions as shown in the following schemes, in addition to other standard manipu- 
,ations that are known in the literature or exemplified in me experimental procedures. 
These schemes, therefore, are not limited by the compounds listed or by any particmar 
substituents employed for illustrative purpose, Substituent numbing as shown m 
the schemes does not necessarily correlate to that used in the chums. 



10 5yno psis of Schemes 

The compounds of the instant invention may be prepared from the 

appropriate thiourea A-2. The thioureas are available commercially or can be 

synthesized by one of the three alternate routes shown in Scheme A, where R 

represents the appropriate pyrimidinyl substituent. 

15 
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SCHEMDEA 



Route 1 




Route 2 I 



N=C=S 



NH 2 R 



A-3 



Route 3 \__/ n=c=S 
A-4 



NH 2 R 



S 

H X 
M "N NH 2 

i 

R 

A-2 



S 

H X 

NH 2 

i 

R 

A-2 




S 



N NH 2 
R A-2 



The .Mget Uuazoles B-3 andB-5 can .hen b* arrived a, by reacting 
». appropriate thiourea B-2 with abrotno acetah B-l. or chloroacetaidehyde, B-4 
Itn 1 Schenre B. Tbe analog ««* compounds can be « 
methods well known in the art. 
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S 

11 

H 2 N^NHR 
B-2 



+ CI^CHO 
B-4 





N N 
H B-5 



As shown i„ Scheme C, the resulting " - * 



10 




f ~\ NCS or BR 2 R ^N N ^Pd^^ling^ *f 
r -k.-^m X " '. "SrvFbororucacia h 



R„ .A3— Ar 



"N N 

i 

H B-5 



u aryl-boronic i 

H C-1 



N N 
C-2 



Alternatively, the protocol illustrated in Scheme D ^ *° 
i t>, i QrhpmeE illustrates one possiDie 

15 approach using this strategy in the preparanon of the aJkyl 
pyirimidines, E-6, of the present invenhon. 
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R H 



N^N \ D-3 r 

D-2 R 



SCHEME! 



,NH 2 TBSO^fY L/>- R 



.eO^Y-r- 2 , N N^N E-3 

Ny^N q/ At 

2.TBSCI E _2 — 

R' e-1 im,d 



NaH 



H 

N/^N S-( 2poc , 3 r / e-5 Ar 
R* £-4 Ar DMF 



H 

T'V r4 




R E-6 
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The compounds of the instant invention described in the Examples 
were testedby the assays described below and were found to have IdnaseinhibUory 

Xin et al., J. Biol Cher. 274:9116-9121; Sheu et al., Anticancer Res. ^ 35 ~^ 
Ausprunk et al., Dev. Biol. 38:237-248; Gimbrone et al., J. Natl Cancer Ins, 52:413- 
427; Nicosia et al.. In Vitro 18:538-549). 

I WRF1!FOTT"° inuASR ASSAY 

VEGF receptor kinase activity is measured by incorporation of 
labeled phosphate into polyglutamic acid, tyrosine, 4:1 (pEY) substrate. 
The phosphorylated pEY product is trapped onto a Alter membrane and the 
incorporation of radio-labeled phosphate quantified by scintillation counbng. 

MATERIALS 



20 



25 



VF.GF Receptor Kinase 

The intracellular tyrosine kinase domains of human KDR (Terman, 
B I et al. Oncogene (1991) yol. 6, pp. 1677-1683.) andHt-1 (Shibuya, M. et al. 
Oncogene (1990) vol. 5, pp. 519-524) were cloned as glutathione S-transferase 
(GST) gene fusion proteins. This was accomplished by Coning the 
domain of the KDR kinase as an in fame fusion a. the carboxy — of the GST 
gene. Soluble recombinant GST-kinase domain fusion proteins wem expressed m 

insectcells (Tnvitrogen) using a baculovin* expresston 

vector (pAcG2T, Pharmingen). 



30 



The other 



materials used and their compositions were as follows: 
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Lysis buffer: 50 mM Tris pH 7.4, 0.5 M Nad, 5 mM DTT, 1 mM EDTA, 0.5% 
triton X-100, 10% glycerol, 10 mg/mL of each leupeptin, pepstatin and aprotinin and 
ImM phenylmethylsulfonyl fluoride (all Sigma). 

5 WashbfeJO mM Tris P H 7.4, 0.5 M NaCl, 5 mM DTT, 1 mM EDTA, 0.05% 
triton X-100, 10% glycerol, 10 mg/mL of each leupeptin, pepstatin and aprotinin and 
ImM phenylmethylsulfonyl fluoride. 

p^^sis^er: 50 mM Tris pH 7.4, 0.5 M NaCl, 5 mM DTT, 1 mM EDTA, 0.05% 
10 triton X-100, 50% glycerol, 10 mg/mL of each leupeptin, pepstatin and aprotinin and 
ImM phenylmethylsulfonyl fluoride. 

miction buffer: 200 mM Tris, pH 7.4, l.OMNaCl, 50mMMnCl 2 , lOmM 
DTT and 5 mg/mL bovine serum albumin (Sigma). 



15 



20 



gn^edih^^ 50mMTris,pH7.4,0.1MNaCl,lmMDTT,10% 
glycerol, 100 mg/mL BSA. 

in X Substrate: 750 jig/mL poly (glutamic acid, tyrosine; 4:1) (Sigma). 

Stnn solution: 30% trichloroacetic acid, 0.2 M sodium pyrophosphate (both Fisher). 



Wash solution: 15% trichloroacetic acid, 0.2 M sodium pyrophosphate. 
25 Filtexjlates: Millipore #MAFC NOB, GF/C glass fiber 96 well plate. 

METHOD 



A. Prntftin purification 



-56- 



WO 02/45652 



PCTAJSOl/44573 



1 S f21 cells were infected with recombinant virus at a 
multiplicity of infection of 5 virus particles/ cell and grown at 27°C for 48 hours. 

2. All steps were performed at 4°C. Infected cells were harvested 
by centrifugation at 1000 X g and lysed at 4°C for 30 minutes with 1/10 volume of 
lysis buffer followed by centrifugation at lOO.OOOXgfor 1 hour. The supernatant was 
then passed over a glutathione Sepharose column (Pharmacia) equilibrated m lysis 
buffer and washed withSvolumes of the same buffer followed by 5 volumes of wash 
buffer. Recombinant GST-KDR protein was eluted with wash buffer/10 mM reduced 
glutathione (Sigma) and dialyzed against dialysis buffer. 



10 



15 



B. VEGF recep tor Icinase assay 

1. Add 5 fil of inhibitor or control to the assay in 50% DMSO. 

2. Add 35 /xl of reaction mix containing 5 pi of 10 X reaction buffer, 
5 ^1 25 mM ATP/10 fid [33 P ]ATP (Amersham), and 5 fil 10 X substrate. 

3. Start the reaction by the addition of 10 pi of KDR (25 nM) in 

enzyme dilution buffer. 

4. Mix and incubate at room temperature for 15 minutes. 

5. Stop by the addition of 50/il stop solution. 

6. Incubate for 15 minutes at 4°C. 

20 7. Transfer a 90/xl aliquot to filter plate. 

8. Aspirate and wash 3 times with wash solution. 

9. Add 30 fil of scintillation cocktail, seal plate and count in a Wallac 
Microbeta scintillation counter. 

25 tt fjr m * a tit t ttv/trtt Tr AT . VRTN ENDOT rTRT TAT. CELL MTTOGENESJS^AjSAY 
Human umbilical vein endothelial cells (HUVECs) in culture 

proliferate in response to VEGF treatment and can be used as an assay system to 
quantify the effects of KDR kinase inhibitors on VEGF stimulation. In the assay 
described, quiescent HUVEC monolayers are treated with vehicle or test compound 2 
30 hours prior to addition of VEGF or basic fibroblast growth factor (bFGF). The 



57 



WO 02/45652 



PCTAJSO 1/44573 



oogenic response t0 VEOF or bFOF is detuned by measuring .he inco^orauon 
of [3H]thymidine into cellular DNA. 

MATERIALS 

HUVECs- HUVECs frozen as primary culture folates are obtained from Clonetics 

^^UsaremaintainedinEndotheUalGrowthMedium^ 

used for mitogenic assays described in passages 1-5 below. 

10 Culurre^laM: NUNCLON 96-well polystyrene tissue culture plates (NUNC 
#167008). 

A^Mefe DulbWs modification of Eagle's medium containing 1 mg/mL 
gtocose (low-glucose DMEM; Meriiatech) plus 10% (v/v) fetal bovine serum 
15 (Clonetics). 

Working stocks of test compounds are dilute* serially in 100* 

Fmal dilutions to !X concentration are made direcUy into Assay Medmm 
20 immediately prior to addition to cells. 

mSsmSm . Solutions of human VEGFtfS (500 ng/mL;R & D Systems) and 
bFGF (10 ng/mL; R&D Systems) am prepared in Assay Medium. 

to 80 uCi/mL in low-glucose DMEM. 

C^sh^^ Hank' s balanced salt solution (Mediatech) containing 1 mg/mL 
bovine serum albumin (Boehringer-Mannheim). 



30 



-58- 



WO 02/45652 



PCTAJSOl/44573 



CgllL ysis Solution: 1 N NaOH, 2% (w/v) Na2C03- 

METHOD 

5 1 . HUVEC monolayers maintained in EGM are harvested by 

trypsinization and plated at a density of 4000 cells per 100 uL Assay Medium per 
well in 96-well plates. Cells are growth-arrested for 24 hours at 37°C in a humidified 
atmosphere containing 5% CC-2- 

2. Growth-arrest medium is replaced by 1 00 uL Assay Medium 
10 containing either vehicle (0.25% [v/v] DMSO) or the desired final concentration 

of test compound. AH determinations are performed in triplicate. Cells are then 
incubated at 37°C with 5% C0 2 for 2 hours to allow test compounds to enter cells. 

3. After the 2-hour pretreatment period, cells are stimulated by 
addition of 10 uL/well of either Assay Medium, 10X VEGF solution or 10X bFGF 

15 solution. Cells are then incubated at 37°C and 5% C0 2 . 

4. After 24 hours in the presence of growth factors, 10X 

[3H]myimdine (10 uL/well) is added. 

5. Three days after addition of [3Hlthymidine, medium is removed by 
aspiration, and cells are washed twice with Cell Wash Medium (400 uL/well 

20 followed by 200 uL/well). The washed, adherent cells are then solubilized by 

addition of Cell Lysis Solution (100 uL/well) and wanning to 37°C for 30 minutes. 
Cell lysates are transferred to 7-mL glass scintillation vials containing 150 uL of 
water. Scintillation cocktail (5 mL/vial) is added, and cell-associated radioactivity is 
determined by liquid scintillation spectroscopy. 
25 Based upon the foregoing assays the compounds of the present 

invention are inhibitors of VEGF and thus are useful for the inhibition of ana- 
genesis, such as in the treatment of ocular disease, e.g., diabetic retinopathy and in 
the treatment of cancers, e.g., solid tumors. The instant compounds inhibit VEGF- 
stimulated mitogenesis of human vascular endothelial cells in culture with IC 50 
30 values between 0.01 - 5.0 fiM. These compounds may also show selectivity over 
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related tyrosine kinases (e.g., FGFR1 and the Src family; for relationship between Src 
kinases and VEGFR kinases, see Eliceiri et al., Molecular Cell, Vol. 4, pp.915-924, 
December 1999). 

5 m FT T-1 KI NASE ASSAY 

Flt-1 was expressed as a GST fusion to the Flt-1 kinase domain and 
was expressed in baculovirus/insect cells. The following protocol was employed to 
assay compounds for Flt-1 kinase inhibitory activity: 

10 1. Inhibitors were diluted to account for the final dilution in the assay, 1:20. 
2. The appropriate amount of reaction mix was prepared at room temperature: 
10X Buffer (20 mM Tris pH 7.4/0.1 M NaCVlmMDTT final) 
0. 1M MnCl2 (5mM final) 
pEY substrate (75 ug/mL) 
15 ATP/[33P]ATP (2.5 uM/1 uCi final) 

BSA (500 ug/mL final). 
3 5 uL of the diluted inhibitor was added to the reaction mix. (Final volume of 
5 uL in 50% DMSO). To the positive control wells, blank DMSO (50%) was 
added. 

20 4. 35uLofthereactionmixwasaddedtoeachwellofa96wellplate. 
5. Enzyme was diluted into enzyme dilution buffer (kept at 4°C). 
6 10 uL of the diluted enzyme was added to each well and mix (5 nM final). 

To the negative control wells, 10 uL 0.5 M EDTA was added per well instead 

(final 100 mM). 

25 7 Incubation was then carried out at room temperature for 30 minutes. 

8. Stopped by the addition of an equal volume (50 uL) of 30% TCA/0.1M Na 
pyrophosphate. 

9. Incubation was then carried out for 15 minutes to allow precipitation. 

10. Transfered to Millipore filter plate. 

30 11. Washed3Xwithl5%TCA/0.lMNapyrophosphate(125uLperwash). 
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12. Allowed to dry under vacuum for 2-3 minutes. 
13 Dryed in hood for ~ 20 minutes. 

14. Assembled Wallac Millipore adapter and added 50 uL of scintillant to each well 
and counted. 

5 

TV FT.T-3 KINASE ASSAY 

Flt-3 was expressed as a GST fusion to the Flt-3 kinase domain, and was 
expressed in baculovirus/insect cells. The following protocol was employed to assay 
10 compounds for Flt-3 kinase inhibitory activity: 

1. Dilute inhibitors (account for me final dilution into the assay, 1:20) 

2. Prepare the appropriate amount of reaction mix at room temperature. 

10X Buffer (20 mM Tris pH 7.4/0. 1 M NaCl/lmM DTT final) 
15 0.lMMhCl 2 (5mM final) 

pEY substrate (75 ug/mL) 
ATP/[ 33 P]ATP (0.5 uM/L uCi final) 
BSA (500 ug/mL final) 

3. Add 5 uL of me dluted inhibitor to the reaction mix. (Final volume of 5 uL in 

20 50% 

DMSO). Positive control wells - add blank DMSO (50%). 

4. Add 35 uL of the reaction mix to each well of a 96 well plate. 

5. Dilute enzyme into enzyme dilution buffer (keep at 4°C). 

6 Add 10 uL of the diluted enzyme to each well and mix (5-10 nM final). 
25 Negative control wells - add 10 uL 0.5 M EDTA per well instead (final 100 mM) 

7. Incubate at room temperature for 60 min. 

8. Stop by the addition of an equal volume (50 uL) of 30% TCA/0.1M Na 
pyrophosphate. 

9. Incubate for 1 5 min to allow precipitation. 
30 10. Transfer to Millipore filter plate. 
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1 1 . Wash 3X with 150/0 TCA/0.1M Na pyrophosphate (125 uL per wash). 

12. Allow to dry under vacuum for 2-3 nun. 
13 Dry in hood for ~ 20 min. 

I4 . aL* Waliac MUlipore adapter and add 50 „L of scintfflant » «* - 
count. 



gX AMPLES 
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Examples provided are intended to assist in a further understanding of 
me invention. Particular materials employed, species and conditions are intended to 
be further illustrative of the invention 
thereof. 



and not limiting of the reasonable scope 



15 



SCHEME 1 



Of 



NH 5 



1-1 




H 



NaH 
THF 




20 



(S-PhenyJzjh^^ 



♦-ammopyrimidine (30 mg, 0.32 mmol) was dissolved in 1 mL 
anhydrous THF in a flame dried flask under Ar. Sodium hydride (6mg, Oft 

u j a A, ,1, flask at room temperature. When the 
dispersion, 0.2 mmol) was then added to the flask at room p 

b uLn* sapped, ^bromo-S-phenyimiazoie (50 mg, 0.2! mmol) was ad ed and 
25 p^waterwasaddedanduteresuIUngpreeipimtefiitered Theeompound 
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was then disso.ved in DMSO, purified by reverse phase preparative HHX (Oft 
fee-based with NaHC0 3 (a,.), exbaCed with 3 x DCM, and coneenbated. 1H-NMR 
(300 MHz, DMSO-d 6 ) 8.87 (lH,s), 8.47 (lH,d, ,=5.6), 7.88 Ofts), 7.63 (2H,d, 
I=7 .l), 7.42 (2H, t, ,= 7.8), 7.29 OH , 1=7.6), 7.07 OH, d, 3=6.1). MS M + l = 

255.3. MP>250°C 

The foUowing compounds were prepared in the same manner. 



^ 7 nU7.-v1V.2-memM ^n^ 



iHin-4-vnamine (1-4) 



10 



AcHN 




(4-Amino-2-2memyl^^ 
0.3mmol)wassuspendedin^^^ 

of 60%, Ummol) was added. After the effervescence had subbed 2-chloro-5 
15 phenylthiazole was added. The reaction was heated at 60°C for two hours. The 

as its TFA salt. iH-NM* (400 MHz, CD 3 OD) 8.06 (lH,br- S ), 7.87 ( lH,br-s), 7.68 

20 (1 H,br-s),7.66(^^ 
MS(M+1) = 340. 

iid.n-4-vnamine (1-5) . 
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Prepared by the same method as 1-4 to provide the title compound as 
its TFA salt. 1H-NMR (400 MHz NMR, DMSO-d 6 ), 7.80 (1H, s), 7.61 (2H, d), 7.43 
5 C2H,m),7.34(lH,m),6.47(lH,br-s),2.78(3H,s),2.54(3H,s). MS(M + 1) = 283 

SCHEME 2 

2^[(2-amin^^ 



10 



H 2 N^/N_.NH 2 CI^ N x NaH/THF H 2 N \/ N 
YJ] + \4 reflux 

2-1 





o-r ( 9- am ^n pvTimidin-4-vnar r.ino1-1 ^-thiazole-W.arhonitrile (2-3) 

2 4-Diaminopyrimidine, 2-1, (O.lg, 0.908mmol) was dissolved in 
15 DMFand then sodium hydride (0.036g of a 60% dispersion, 0.908mmol) was added 
and stirred for 15 minutes at 25"C and then 2-chloro-l,3-thiazole-5-carbomtnle, 2-2, 
(0 131g, 0.908mmol) was added. This was heated at 100'C for 2 hours. After thus 
time the reaction was diluted with 4mL of methanol and loaded onto a Cig prep lc 
column. The product, 2-3, was isolated via lyophilization from dioxane. 
20 1H-NMR (DMSO): 8.42ppm (s, 1H); 8.10ppm (d, 1H); 6.45ppm (d, 1H). 
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-1 ^-thiazole-^-^rhonitrile (3^2) 



10 



HoN 



2-2 

DIEA/n-BuOH ^ 

" H 2 N 



3-1 



NH 2 125°C 




4 6-diaminopyrimidine hemisulfate, hemisulfate of 3-1, (0.10g. 
031*—) and diisopropylethylan.ne (0.122, 0— were sus^n 
n-outanol(ln*)and^^ 

0 628mmol) was added and heated at 125°C for 18 hours. The product 3-2 

Hi-Res MS: calc: 219.0448 found: 219.0448. lH-NMR (DMSO): 8.36ppm(s, 1H); 
8.26p P m (s, 1H); 7.20ppm (s, 1H); 6.12pm (s, 1H). 
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SCHEME4 



j^hiaynle-S^arbonitrileiii) 



N 



O 

K 



4-1 JtHa SA 

O 



Et a N/DMF 
100°C 

O 



C VV N ^ 

V 

NH 2 4-3 



EtOH/Hg^ f^Y^ 
Pd/C l^^N 



r^N^ H 

XJ m 



2-2 

NajHffidE, 
reflux 



NH 2 4-4 



4-5 N 



10 



H^BS*^^ 05mm o.) and triethyl- 

• «,,„, slOnnnoOweredissolvedinDMFandthenl-acetytpiperaz.^^ 
amine (0.61 /g, o.iuiuui^ OI ,„ irc a nrecioitate was 

m Ml* 3 lOmmoO was added as a solid and stored for 2 hours. A preen* 

NH40H 98:2:0.2) which separa^d to woreporsomers. The des,red pro 

15 r^orprodne, ^-^l*^** « 

(m, 2H); 3.60ppm (m, 2H); 3.57ppm (m, ffik 2.Hppm (s, 3H). 



?Jj1^* t Y 1 P*P erazin ~ 
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2K4-acetylpiperaxin-l-yl)-6^Wo ro pyriimdin4-ainine 4-3 (0.90g, 
3 52mmol) was dissolved in 95% ethane! and then evacuated and back flushed 
with nitrogen before introducing 10% Pd/C (0.50g). A hydrogen atmosphere was 
reduced and this suspension was stirred for 2.5 hours. The catalyst was then 
5 filtered off and the filtrate was evaporated to a solid. The solid was purified on a 
silica column (DCM:MeOH:NH40H 95:5:0.5) and the product 4-4 was isolated 
upon evaporation. 1H-NMRCDMSO): 7.75ppm (d, 1H); 6.44ppm (s, 2H); 5.74ppm 
(d, 1H); 3.66ppm (m, 2H); 3.59ppm (m, 2H); 3.45ppm (m, 4H); 2.03ppm (a, 3H). 

10 ZJiatoSylpipe^^ 

M^acetylpipernzin-l-yllpyrimidin^arnine 4-4 (O.lg, 0.45mmol) was 

dissolved in dry THF and men 1 equivalent of sodium hydride (0.036g, 0.45mmol) 
was added and this was stirrad for 20 minutes a. 25°C men 2-chloro-l,3-miazole-5- 
carbonitrile 2-2 (0.065g, 0.45mmol) was added followed immediately by 1 more 
15 ^valentofsodiumhydride. The reaction was then stirred at 100°C for 3 horn* 
The reaction was cooled ,o 25°C and methano! was added. This solution was loaded 
direcayon.oasi 1 icacolumna»delnmdwimDCM:MeOH:NH4OH(95:5:0.5). 

Fractions were combined and evaporated to yield the product, 4-5. Hi-Res MS: calc: 
330 1132 found: 330.1137. 1H-NMR (DMSO): 8.33ppm (s, 1H); 8.19ppm (d. 1H); 
20 6.34 PP m (d, 1H); 3.88ppm (m, 2H); 3.80ppm (m. 2H>; 3.57ppm (m, 4H); 2.07ppm (s, 
3H). 
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SCHEME 5 



[4 -(2-methox^ 



2-({6 
^-^arbonitrile (5-4' 



H 



NH 2 

A 



NH 2 
7-2 



[ J DIEA/n-BuOH _ 

^N^ 125°C k^N, 

5-3 



5-2 



O- 



2-2 

NaH/THF 
reflux 



5-4 




N 



(H^^rneth^^ ■ 

6-CWoropyrinudin^ainine 7-2 (0.3g, 2.32inmol) and 

.0 d—yi^ 

H^ethoxyethyDpiperazine 5-2 (0.334g, 2.32nunol) was added The re *on 

sLamS'CforlShours.Theo^^^^ 

DCM:MeOH (99:4) and then DCM:MeOH:NH40H (9:1:0.1). The product 5-3 was 

lw mmr fDMSO): 7.95ppm (s, 1H); 6.23ppm (s, 2H); 
15 isolated after evaporation. 1H-NMR (DMou; w 

5.59 P pm (s, IB); 3.43 PP m (xn, 4H); 3.33 PP m (m, 2H); 3.25ppm (s, 3H), 2.59 PP m 
(m,2H);2-54ppm(m,4H). 

20 5 rnr h "™*" 1e (5-4) . . ' ~ 
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M^B^oxyethyl^perazin^-yllpyttaidin^anjine S-3 (0.25g, 
1 05 nm o 1 ),sodiu m hydride(0. 8 42g,2.11n m c 1 ),an d 2.h 1 oro-l>ftia 2 ole-5- 

carbon.** 2-2 (0.15g, 1.05mmol) were treated a S in Scheme 4 above. The product 
5.4 was purified on a C 18 preparative hplc and isolated via .yophifizafion from 
rtoxane. Hi-Res MS: calc: 346.1445 found: 346.1445. 1H-NMR (DMSO): 9^97ppm 
(s, 1H); 8.51ppm (a, 1H); 8.28pp m (s, 1H); 6.32p P m (a, 1H): 4.35ppm Ob. fflfc 
3.68ppm (m, 2H); 3.59ppm (m, 2H>; 3.37ppm (m, 7H); 3.12ppm (m, 2H). 

SCHEME 6 

2-({6-[bis(2-m^^ 
g-carbopitrile (6-3") 



NH 2 



DIEA/ n-BuOH 
180°C 



7-2 



6-1 



2-2 
NaH/THF 
reflux 




15 



20 



N M-K^ r^-methoxv ^Y ^P Yri^dine^ 6-riiamine (6-2) , - 

e-CWoropyriimdin^axnine 7-2 (0.3g, 2.32mmol) and diisopropyl- 
ethylanune (0.30g, 2.32mmol) were suspended in n-butanol and then 2-methoxy-N- 
(^ethoxyethyDethananune 6-1 (0.31g, 2.32nnnol) was added. The reac.cn was 
stirred atl80°C for 24 hours. The solventwas removed under reduced pressure and 
th eproduct6-2waspurif 1 edonasiUcacolu m n. lH-NMR (DMSO): 7.91ppm (s, 
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1 H,;6,0 P p m (2H)., 5 , 1 p pm ( S ,lH)-.3.4 5 pp m ( m ,4H);3.45 CTm ( m .4H)-,3, 5Wn . 
(s,6H). 

2 2 (0 083o 0.58mmol) were treated as in Scheme 4 above, up 
10 MS- caic 335,285 found: 335.282. 1H-NMR (DMSO): 839ppm (s, lH);834pP m 

SCTPTEME 7 

5 carbomtejlg (7-5) 
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6-chloropyn 'midin-4-amine (7-2) 



4,6-Dichloropyrimidine 7-1 (6.5g, 43.6mmol), ammonium hydroxide 
(30mL) and n-butanol (15mL) were placed in a sealed tube and stirred at 90°C for 2.5 
hours. After this time the reaction was cooled to room temperature, the solid was 
filtered off, washed with ethyl ether and dried to yield 7-2. 1H-NMR (DMSO): 
8.20ppm (s, 1H); 7.24ppm (s, 2H); 6.44ppm (s, 1H). 



fi- r4-f2-mon?holin-4-vlemvDpi P ^7.m-l-vl1Pvrimidin^-amine(7-41 

6-chloropyrimidin^-amine 7-2 (3.09g, 23.9mmol) and diisopropyl- 
10 ethylamine (3.08g, 23.9mmol) were suspended in n-butanol and then 4-(2-piperazin- 

1- ylethyl) morpholine 7-3 (4.75g, 23.9mmol) was added. The reaction was stirred at 
125°C for 18 hours and then the product was filtered off, washed with n-butanol and 
ethyl ether and then air dried. Hi-Res MS: calc: 293.2084 found: 293.2078. lH- 
NMR (DMSO): 7.94ppm (s, 1H); 6.18ppm (s, 2H); 5.57ppm (s, 1H); 3.56ppm (m, 

15 6H); 3.39ppm (m, 8H); 2.47ppm (m, 6H). 

2- ({6-[4-(2-morphohn-4-ylemyl)piperazm-l-yl]pyriimdm^ 

carbonitrile (7-5) 

6-[4-(2-morpholin-4-ylemyl)piperazm-l-yl]pyriniidin-4-amine7-4 

20 (1.5g, 5.13mmol), sodium hydride (0.41g, 10.26mmol) and2-chloro-l,3-thiazole-5- 
carbonitrile 2-2 (0.74g, 5.13mmol) were treated as in Scheme 4 above. The product 
was purified on a silica column eluted with DCM:MeOH:NH40H (95:5:0.5 and 
9:1:0.1) and isolated directly from the appropriate fractions after they were 
concentrated and the residue was suspended in methanol and filtered. iH-NMR 

25 (CDC1 3 ): 9.27ppm (s, 1H); 8.45ppm (s, 1H); 7.90ppm (s, 1H); 5.87ppm (s, 1H); 
3.72ppm (m, 4H); 3.65ppm (s, 4H); 2.57ppm (m, 8H); 2.50ppm (s, 4H). 
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SCHEMES 



2-{[6-(l,l-Dioxidothiomo: 

^.rarhnnitrile (3-3' 



I phoHn^yl)pyrinudin^yl]ainino}-l,3-thiazole- 




HN 



8-1 



* 

o 



o 



N 



8-2 



% 



2-2 

jjaH/THF 
reflux 



H 



— ~ ol) md dilsopropyl ; 

ix The reaction was stirred at ZUU ^ ior io 

j« . • (C \ a Ma 1 09mmol) was added, lne reacuuu woo 

, ,in <«i™,( s iHV4.10ppm(t,4H);3.09ppm(t,4H). 
(CD3OD): 8.03ppm (s, lH); 5.87ppm <s, IV 

15 2 . UW l>Koxidothiomo^^ 

, 1 04 nm o.), S odiu J nh,dride (0.0838,2.08^01) a»d2.hloro-l><hiazo.e.5- 
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Hi-Res MS: calc: 337.0536 found: 337.0530. lNMR(DMSO): 8.51ppm (s, 1H); 
8.27ppm (s, 1H); 6.36ppm (s, 1H); 4.05ppm (s, 4H); 3.21ppm (s, 4H). 



SCHEME 9 



rfi-n-Aminopiperid^-i - y npvrimidin- 4 - v1 1 amino}-l ,3-thia7o1e,-5-carbonitrile (9- 



NH 2 

O O 

o^o 9 . 2 




CF 3 



1) DIEA/DCM/0°C 

2) TFA 



N 

H 9-3 



NH 2 

H NH 2 I 

>L /CF 3 X. DIEA/n-BuOH N 

9-4 





H 

N.XF 3 

T 

o 



2-2 F 3C 
NaH/THF 



O 

>- 



NH 



reflux 




N 



9-5 XN N 



K 2 C0 3 
MeOH/DME 



NH 5 




N 




H 
N 



N 




9-6 



N 
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^^^inopiperidin.-1-caxboxylate 9-1 (0.54g, 2.7 
^ol) andDfEA (0.348g, 2.70mmo» were disced in 3 mL dicW— . 

^-ovedand^^w-toed^S^forX^. 
s lllete U is partitioned with water. T* diehioromemane iayer is town off, tod 

^MaLnafwaad.en^edwid-naa.frifluo.oaceUcacidand.hedesnea 
10 compound was isolated via evaporation. 

... ■ „ nn :- r riiliii 3 Yll-V, 2-trifln — <"->*"™de t9-4) 

NJW6^mjnoEyr Mnidm-4-yl)pir f "' 1 ' 1 '-' y " ■ ■ 

7-2 <P.M9g, l.lSmmol) and 

^reduoetfpresante andrheproduetwas pnnfied on a sthca ec u 
D CM^ K ^OH(95:5:0.5).lH.NMR(CD3OD):8.0^p m (MH,5.^prc 

(s 1H) - 4.27ppm (d, m 4-15PP» * ^ "* !\ m 

(m,lH); 1.62ppm(m,lH). 
N-(l-{6-[(5-cyano-13-thiazol-2-yW^ 

rtfluoroac gtamide (9-5) . ■ " " trifluoroa cetamide 

N ^l.(6-anunopyriiindin-4-yl)pipendm-3.ylW 

,s ^ v,vHrirf P fO 144e 3.6mmol) and 2-chloro-l,3-thiazole- 
9-4 fO 26g, 0.9mmol), sodium hydnde(;o.i44g,o.oi , 

^on was eomple.it was ,nenc h edwi* 5 events of eoneent, ^HC! 
„ 70 uL) ThesolunonwasthendUntedwitnethyUce^waterandsom duute 

(3/uuw- xu oraanic layer dried, filtered and 

NaHC0 3 . The aqueous layer was removed and the organic layer 
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10 



15 



evaporated to dryness under reduced pressure. Trituration with ethyl ether produced 
9-5 as a solid, which was used without further purification in the next step. 

Mr ^.Aminoni P eridin 1 ynrr^^^^ Yn^inol-l.a-thiazole^ -carbonitrile (9-6) 

Crude N-(l-{6-[(5-cyano-l,3-thiazol-2-yl)amino]pyrimidin-4-yl} 
piperidin-S-yD^^^-trifluoroacetamide 9-5 (0.9mmol) was suspended/dissolved in 
methanoydimethoxyether (5mU2mL) and potassium carbonate (l.Smmol). This was 
warmed to 75°C and stirred overnight. The product was purified on a preparative hplc 
and isolated via lyophilization from dioxane/water to produce 9-6. Hi-Res MS: calc: 
302.1183 found: 302.1190. lNMR(CD 3 OD): 8.31ppm (s, 1H); 7.87ppm (s, 1H); 
6.09ppm (s, 1H); 4.21ppm (d, 1H); 4.07 PP m (d, 1H); 3.60ppm (m, 1H); 2.95ppm 
(m, 1H); 2.75ppm (m, 1H); 2.00ppm (m, 1H); 1.77ppm (m, 1H); 1.54ppm (m, 1H); 
1.37ppm (m, IH). 

SCHEME 10 

2-({6-[4-(3-morphoUn-4-ylpropyl)piperazin-l-yl]pyr^^ 

Carbon itrile (10-3) 
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7-2 N CI 



DIEA^vBuOH. 
I^NH 125°C 



10-1 




o 

N 



I L _NaH/IHF^ ^ 



10-2 /N 



10-3 




L flfford io-2 1NMR (DMSO): 7.94ppm (s, 1H), 

washed with ethyl ether and dned to afford W l. « l 
10 6,8 P p m (s, 2H); 5.58ppm (s, 1H); 3.56pp. (t, 4H); 3.39pp m (t, 4H), 2.38pp m Q. 
4H); 2.31ppm (m, 8H); 1.60ppm (p, 2H). 

was purified on a C 18 prepare cohnnn and isolated «a lyopn— H,-Res 
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MS- c*: 415.2023 found: 4X5.2030. 1NMR (CD3OD): 8.48ppnt (s, 1H); S.02pp m 
(s , 1H);6 .27 P p m ( S , 1 H,;3.94pp m C m ,6H,;3.43-3,7pp m ( m ,UH, ; 2, 9 pp m ( m , 

2H). 



SCHEME 11 



2-({6-[4-(2-Pyrrolidin 
^rhrmitrile (11-3' 



NH 2 
7-2 



CI 



H 




N- 



11-1 



J3I EA/ n-BuOH 
~125°C 



10 



NH 2 



15 



11-2 



2-2 

Jv[aH/THF_ 
reflux 




H 



11-3 N N 



fcLi - JJL -^~^^^ (0 . 3 ng, 2.44ntmol) and diisopropyl- 
^ (0.0316s. 2.44U™,) were suspended in n-butano. and l-(2-py— 

l 125 £l 18 hours. Upon cooUng the reaction was purified on a sthca cohrtnn 
at 125 c tor t (CD30D): 7.96ppm (s. 1H); 5.71ppm 

(DCM:MeOH:NH40H) to afford 11-2. 1NMR(CD30U) 
(s aH,;3.53ppntC,4H) ; 2.69ppn,( m ,m2.58pp m ( I n.l0H,;1.82pp m ( I n,4H). 
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10 



2-({6-[4-(2-pyrrolidin4-ylethyl)piperazin-l-yU 

~ ~ V[4-Vpynolidin-l-ylethyl)piperazin-l-yl]pyrinudin-4-^ 
(0 35g, 1.27mmol), sodium hydride (O.lOlg, 2.53mmol) and 2-chloro-l,3-thiazole-5- 
carbomtrile 2-2 (0.183g, 1.27mmol) were treated as in Scheme 4 above. The product 
was purified on a Ci8 preparative column and isolated via lyophilization. H>-Res 
MS: calc: 385.1921 found: 385.1918. iNMR (DMSO):12.1 PP m (s, 1H); 8.46ppm 
(s, 1H); 8.27ppm (s, 1H); 6.27 PP m (s, lH);3.63 PP m (m, 6H); 3.35 PP m (m, 4H); 
2.76ppm (m, 6H); 1.96ppm (s, 4H). 
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SCHEME 12 

2<{6-[4-(2-Morpholin-4-yl-2-oxoethyl)piperazin-l-yl]pyrirnid 



5 thiazole-5-c ai-hnnitrile (12-5) 



NH 2 

NH 2 H 1 

ll + 150°C 



7-2 0 9/ 12-2 O f 

12-1 / \ 

H B S 
2) TFA N^ N \ 



12-3 N 12-4 



0^\ o 



DIEA/DMF/0°C > W N ^\ \. S-\ 

N^ N \ 



12-5 V N 



10 



15 



6-Chloropyrimidin-4-amine 7-2 (0.4g, 3.09mmol) and diisopropyl- 
ethylamine (0.40g, 3.09mmol) were suspended in n-butanol. tert-Butyl 4-(6- 

annnopyrirnidin-^^ I 2 " 1 (°- 575 ^ 309mmOl) WaS ^ 

The reaction was stirred at 150°C for 18 hours and then the product was filtered off, 

washed with n-butanol and ethyl ether, and then air dried. iH-NMR (CD3OD): 
7.98ppm (s, 1H); 5.72 PP m (d. 1H); 3.54 PP m (m, 4H); 3.52ppm (m, 4H); 1.48ppm 
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(S.9H). 

2 f( * P;r ^^n-i- Y 1 pvrimidin^ vi)^i"n-|-^-3-thia7n1e-5-carboTiitrile (12-3) 

Tert-butyl 4-(6-aminopyrimidin-4-yl)piperazine-l-carboxylate 12-2 

5 (0.25g, 0.9mmol), sodium hydride (0.072g, l.Smmol) and 2-chloro-l,3-thiazole-5- 
carbomtrile 2-2 (0.129g, 0.9mmol) were treated as in Scheme 4 above. The product 
was purified on a Ci8 preparative column and evaporated to dryness. The residue 
was then treated with trifluoroacetic acid and the product was isolated from a sodium 
carbonate/methyene chloride partition. iH-NMR (CD3OD): 8.47 PP m (s, IH); 

10 8.02ppm (s, IH); 6.24ppm (s, IH); 3.88ppm (t, 4H); 3.27ppm (t, 4H). 

2-({6-[4-(2-Morpholm^yl-2-oxoethyl)piperazin-l-yl]py^ 

thiazole-5-c-arbonitrile (12-5) 

24(6-Piperazin-l-ylpyrmiidm^ 

15 12-3 (0.10g, 0.35mmol) and diisopropylethylamine (0.049g, 0.38mmol) were 
dissolved in DMF. After cooling to 0»C, a DMF solution of 4-(bromoacetyl) 
morpholine 12-4 (0.08g, 0.38mmol) was added slowly via addition funnel. The 
product was purified on a Cl8 preparative LC column and isolated via lyophilization. 
Hi-Res MS: calc: 415.1655 found: 415.1663. lH-NMR (CD3OD): 8.49ppm (s, IH); 

20 8.03 PP m (s, IH); 6.27ppm (s, IH); 4.34ppm (s, 2H); 3.70 PP m (m, 4H); 3.65ppm (m, 
4H); 3.42ppm (t, 2H); 3.33ppm (m, 6H). 
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SCHEME 13 



2.(4-{6-[(5-Cyano4,3-thiazol-2-yl)amino]pyriinidin^ 
isnpro pvlac ptamide (13-3) 



NH 5 



H 



^Y U 150°C 
,NH 
13-1 



7-2 



DIEA/n-BuOH 



NH 2 

CT^NH 
13-2 /k 



2-2 

THF/NaH 
reflux 



H 



. 13-3 N-^ CN 



6-Chloropyrinudin-4-amine 7-2 (0.3g, 2.32mmol) and diisopropyl- 
10 ethylamine (0.30g, 2.32mmol) were suspended in n-butanol. N-isopropyl-2- 
piperazin-l-ylacetamide 13-1 (0.429g, 2.32mmol) was then added. The reaction 
was stirred at 150°C for 18 hours and then the product was filtered off, washed with 
n-butanol and ethyl ether and then air dried. iH-NMR (CD3OD): 7.96 PP m (s, IH); 
. 5.71ppm (s, IH); 4.03 PP m (m, IH); 3.57ppm (t, 4H); 3.02 PP m (s, 2H); 2.56ppm 
15 (t,4H); l.l6ppm(d,6H). 

2 -(4-{6-[(5-cyano-13-thiazol-2-yl)anuno]pyrimidin-4-yl}^^ 

isopropvlacp i-afflide f!3-3) _ 

2-[4-(6-aimno P ^^ 
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13-2 (0.45g, 1.62mmol), sodium hydride (0.13g, 3.25mmol) and2-chloro-l,3- 
thiazole-5-carbonitrile 2-2 (0.235g, 1.62mmol) were treated as in Scheme 4 above. 
The product was purified on a Ci8 preparative column and isolated via lyophilization. 
Hi-Res MS: calc: 387.1710 found: 387.1691. iNMR (DMSO): 8.51ppm (s, 1H); 
5 8.47ppm (s, 1H); 8.28ppm (s, 1H); 6.30ppm (s, 1H); 4.35ppm (m, 2H); 3.91ppm 
(m, 4H); 3.39ppm (m, 2H); 3.18ppm (m, 2H); l.llppm (d, 6H). 

SCHEME 14 

10 2-{[6-(3-Aminopyrrolidin-l-yl)pyrinndin-4-yl]amino}-l,3-thiazoIe-5- 

carbonitrile (14-3) . . 



NH 2 

N "S H 

NH 2 H l.A KlA P 

7 .>'^' ° 14 . 1 L ^ 150 0 14-2° ^ 

H 2 N H 

1^ THF/NaH/reflux . ( \J 
2)TFA ~ S \ 

14-3 n n 



15 Tert-butvl l-fe-aminopvrimidin^v^ pvrrolidin-S-vlcarbamate (14-2) . 

6-Chloropyriinidin-4-amine 7-2 (0.4g, 3.09mmol) and diisopropyl- 
ethylamine (0.399g, 3.09mmol) were suspended in n-butanol. tert-Butyl l-(6- 
aminopyrimidin-4-yl)pyrrolidin-3-ylcarbamate 14-1 (0.575g, 3.09mmol) was added. 
The reaction was stirred at 150°C for 18 hours and then the product was filtered 

20 off, washed with n-butanol and ethyl ether and then air dried. lH-NMR (CD3OD): 
7.92ppm (s, 1H); 5.45ppm (s, 1H); 4.19ppm (t, 1H); 3.64ppm (m, 1H); 3.51ppm 
(m, 1H); 3.44ppm (m, 1H); 3.24ppm (m, 1H); 2.20ppm (m, 1H); 1.93ppm (m, 1H); 
1.44ppm (s, 9H). 
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2-1 ffi-f^-amino pvrrolidin-l -vnpvrimidin-4 -v11aniiTiol-1.3-thiazole-5-carbonitrile (14-3) 

Tert-butyl l-(6-aininopyrimidin-4-yl)pyrrolidin-3-ylcarbamate 14-2 
(0.483g, 1.73mmol), sodium hydride (0.277g, 6.92mmol) and 2-chloro-l,3-thiazole-5- 

5 carbonitrile 2-2 (0.25g, 1 .73mmol) were treated as in Scheme 4 above. The product 
was purified on a Ci8 preparative column after treating the crude product with 
trifluoroacetic acid and then isolated via lyophilization. Hi-Res MS: calc: 288.1026 
found: 288.1046. iNMR (CD3OD): 8.43ppm (s, 1H); 8.01ppm (s, 1H); 6.02ppm 
(s, 1H); 4.05ppm (m, 1H); 3.87ppm (m, 1H); 3.69ppm (m, 3H); 2.51ppm (m, 1H); 

10 2.22ppm (m, 1H). 

SCHEME 15 



15 



2^r6-Q.4-Dia 7.e pan-l-vl)pyrimidm-4-^ (15-3) 

NH 2 

NH — N I 

m<V + HN W° DIEA/n-BuOH . ^nTA P 

w V 150 ° C 

7-2 15-1 15-2 

HN^N H . N 

1MHF/NaH/reflux „ \ / N Vl, S-4 

2) TFA N ^ N \, 

15-3 N 



Tert-butvl4-(6-aminopvriroidin-4-vn-1.4 -dia7epane-l-carhoxYlate (15-2) 

6-Chloropyrimidin-4-amine 7-2 (0.4g, 3.09mmol) and 
20 diisopropylethylamine (0.399g, 3.09mmol) were suspended in n-butanol. tert-Butyl 
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1,4-diazepane-l-carboxylate 15-l.(0.618g, 3.09mmol) was then added. The reaction 
was stirred at 150°C for 18 hours and then the product was filtered off, washed with 
n-butanol and ethyl ether and then air dried. lH-NMR (CD3OD): 7.95ppm (s, 1H); 
5.65ppm (s, 1H); 3.73ppm (m, 2H); 3.61ppm (m, 3H); 3.55ppm (t, 1H); 3.38ppm 
5 (m, 1H); 3.34ppm (m, 1H); 1.89ppm (m, 1H); 1.84ppm (m, 1H); 1.41ppm (s, 4H); 
1.36ppm (s, 5H). 

9-{ ^^iazepan-l-Y^pvrimidin^- y llaminol-l.S-thiazole-S-carbonitri^ (15-3) 
Tert-butyl 4-(6-aminopyrimidin-4-yl)-l ,4-diazepane-l-carboxylate 

10 15-2 (0.50g, 1.70mmol), sodium hydride (0.136g, 3.4mmol) and 2-chloro-l,3- 

thiazole-5-carbonitrile 2-2 (0.246g, 1.70mmol) were treated as in Scheme 4 above. 
The product was purified on a C, 8 preparative column after treating the crude product 
with trifluoroacetic acid and then isolated via lyophilization. Hi-Res MS: calc: 
302.1182 found: 302.1184. iNMR (CD3OD): 8.45ppm (s, 1H); 8.01ppm (s, 1H); 

15 6.l6ppm (s, 1H); 4.08ppm (m, 2H); 3.73ppm (m, 2H); 3.40ppm (m, 2H); 3.32ppm 
(m, 2H); 2.21ppm (m, 2H). 

SCHEME 16 

20 2-({6-[(lS,4S)-2,5-Diazabicyclo[2.2.1]hept^ 

5-carbonitrile (16-3) . — . ■ 
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NH 2 

DIEA/n-BuOH 



150°C N 



16-2 OtBu 



2-2 

DTHF/NaH/reflux, 
2) TFA 



H 

w -N 



N 



Tert-butyl(lS,4S)-5-(6-aimnopyrinudin-4-yl)-2,5-diazabw^^^^ 



r.arhoxvlate (16-2) 



6-Chloropyrimidin-4-amine 7-2 (0.222g, 1.71mmol) and diisopropyl- 
ethylamine (0.222g, 1.71mmol) were suspended in n-butanol. tert-Butyl (lS,4S)-2,5- 
diazabicyclo[2.2.1]heptane-2-carboxylate 16-1 (0.34g, 1.71mmol) was then added. 
The reaction was stirred at 150°C for 18 hours and then the product was purified on 
a silica column. 1H-NMR (DMSO): 7.91ppm (s, 1H); 6.18ppm (s, 2H); 5.33ppm 
10 (s, 1H); 4.72ppm (s, 1H); 4.41ppm (d, 1H); 3.40ppm (t, 1H); 3.27ppm (m, 1H); 
3.12ppm (m, 2H); 1.86ppm (m, 2H); 1.40ppm (s, 4H); 1.36ppm (s, 5H). 

2-({6-[(lS,4S)-2,5-Diazabicyclo[2.2.1]hept-2-yl]pyririndin-4-yl}arm^ 

5-carbonitrile (16-3) — 

15 ' Tert-butyl (lS,4S)-5-(6-armnopyrirnidin-4-yl)-2,5-diazabicyclo[2.2.1] 

heptane-2-carboxylate 16-2 (0.324 g> l.llmmol), sodium hydride (0.089g, 2.22mmol) 
and 2-chloro-l,3-thiazole-5-carbonitrile 2-2 (0.161g, l.llmmol) were treated as in 
Scheme 4 above. The product was purified on a Ci8 preparative column after treating 
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the crude product with trifluoroacetic acid and then converted to a free base form after 
isolation via lyophilization. Hi-Res MS: calc: 300.1026 found: 300.1039. iNMR 
(DMSO): 8.36ppm (s, 1H); 8.23ppm (s, 1H); 5.88ppm (s, 1H); 4.90ppm (s, 1H); 
3.77ppm (s, 1H); 3.41ppm (s, 1H); 3.32ppm (m, 2H); 2.93ppm (d, 1H); 2.79ppm 
5 (d, 1H); 1.78ppm (m, 1H); 1.69ppm (m, 1H). 

SCHEME 17 

2-({6-[4-(2-Oxo-2-pyn-oUdin-l-yle%l)piperazin-l-yl]pyriraidin-4-yl}annno)-13^ 
10 thiazole-5-carbonitrile (17-3) . 




6-r4-(2-Oxo-2-pvrrohdin-l-vlemvnpiperazin-l-vl1pvrinudin-4-amine (17-2) 
15 6-Chloropyrimidin-4-amine 7-2 (0.50g, 3.86nunol) and diisopropyl- 

ethylamine (0.499g, 3.86mmol) were suspended in n-butanol and then l-(2-oxo-2- 
pyrrohdin-l-ylethyl)piperazine 17-1 (0.762g, 3.86mmol) was added. The reaction 
was stirred at 150°C for 18 hours and then the product was filtered off, washed with 
n-butanol and ethyl ether and air dried. iH-NMR (CD3OD): 7.96ppm (s, 1H); 
20 5.72ppm (s, 1H); 3.55ppm (m, 6H); 3.44ppm (t, 2H); 3.24ppm (s, 2H); 2.60ppm 
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(t, 2H); 1.98ppm (m, 2H); 1.88ppm (m, 2H). 



10 



2-({6-[4-(2-oxo-2-pyrroMn-l^^ 

thiazole-5-r arhnnitrile (17-3) . - ■ 

6-[4-(2-Oxo-2-pyrrolidin-l-ylethyl)piperazin-l-yl]pyrinudin-4-amine 

17-2 (0.60g, 2.07mmol) and sodium hydride (0.165g, 4.13mmol) and 2-chloro-l,3- 
thiazole-5-carbonitrile 2-2 (0.299g, 2.07mmol) were treated as in Scheme 4 above. 
The product was purified on a silica column. Hi-Res MS: calc: 399.1710 found: 
399.1706. 1NMR (CDCI3): 9.40ppm (s, 1H); 8.45ppm (s, 1H); 7.88ppm (s, 1H); 
5.98 PP m (s, 1H); 3.68ppm (s, 4H); 3.50ppm (m, 4H); 3.21ppm (s, 2H); 2.68 PP m 
(t, 4H); 1.98ppm (m, 2H); 1.87ppm (m, 2H). 



-87- 



WO 02/45652 



PCT7US01/44573 



SCHEME 18 



5 



2-( r6-(4-aminooiperidin-l-vDpvrimidin-4-vllamino 1-1 ,3-thia zole-5-carbonitrile (18-4) 



NHBOC NH 2 



N' ^ + j [ QUA ^ N^S 

V n-BuOH,120°C ^ N ^N^\ 

7 . 2 H 18-2 NHBOC 



HN 




'/ }— CN 



a. NaH TFA/CH 2 Cl 2 

b. 2-chloro-5-cyanothiazole N ^| 

THF, reflux isT^ 




18-3 ^X^NHBOC 18-4^^~NH 2 




6-(4-aminopiperidin-l-vDpvrimidin-4-amine (18-2) 



In a manner identical to that described above in Scheme 7, 1.50 g 
10 (11.58 mmol) of 4-chloro-6-aminopyrimidine 7-2 and 2.32 g (11.58 mmol) 4-Boc- 
aminopiperidine 18-1 were used to produce 18-2 as an oil/solid. MS M+ 1 = 294. 

2-( r6-(4-aminopiperi<iin-l-vl)pvrimidin-4-vl1aminol-l .S-thiazole -S-carbonitrile (18-4) 
As described in Scheme 4 above, 2.03 g (6.91 mmol) of 6-(4- 

1 5 armnopiperidin-l-yl)pyrimidin-4-amine 18-2 and 1 .00 g (6.91 mmol) of 2-chloro-5- 
cyanothiazole 2-2 were used to produce 18-4 as the bis TFA salt, which is a fluffy 
white amorphous powder after lyophilization. HR FAB MS: Measured = 302.1175, 
theo. = 302.1182. HI NMR (DMSO-d6): 1.44(m,2H), 1.96(m,2H), 3.01(m,2H), 
3.37(m,lH), 4.29(m,2H), 6.24(s,lH), 7.91 (br s, NH2), 8.25(s,lH), 8.43(s,lH), 

20 12.12(brs, 1H). 
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SCHEME 19 

2-({6-[methyl(piperidin-4-ylme^ 
5 p-arhnnitrile (19-4) . . ~ 




DIEA 



n-BuOH, 120°C 




BOC 19-2 



a. NaH 

b. 2-chl oro-5-cyanothiazole N| ^L 
THF, reflux ^ CH * CI 



s 

TFA 






- N -^oo HN-^X 19-4 

BOC 1 9" 3 

tert-butyl 4-{[(6-armnopyrirmd^ 

10 1-rarhnxy1ate(19-2) — 1 

710 mg (3.10 mmol) of 4-chloro-6-aminopyrimidine 7-2 and 402 mg 
(3.10 mmol) of tert-butyl 4-[(methylamino)methyl]piperidine-l-carboxylate 19-1 
were used to obtain desired product 19-2 as a brown oil/solid. MS M+l = 323. 
2-({6-[methyl(piperi<lm-4-ylmethyl)aimno]pyriim 

15 rarhnnifrile (19-4) . ■ 

275 mg (0.86 mmol) of tert-butyl 4-{[(6-aminopyrimidin-4-yl) 
(memyl)amino]methyl}piperidine-l-carboxylate 19-2 and 125 mg (0.86 mmol) of 
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5 



10 



2-chloro-5-cyanothiazole 2-2 were used to afford the bis TFA salt of 19-4 as a fluffy 
white amorphous powder after lyophilization. FAB MS: M+l = 330. HI NMR 
(DMSO-d 6 ): 1.36(q,2H), 1.73(d,2H), 2.04(m,lH), 2.84(q,2H), 3.31(d,2H), 3.56 
(br m,2H), 6.12(s,lH), 8.25(s,lH), 8.40(s,lH), 8.56(bh s, 1H), 12.06(br s, 1H). 



SCHEME 20 



2-({2-memyl-6-[4K2-morpholin^ylethyl)piperazin-l-yl]pyrimi 
thiazole-5-cflrhnnitrile (20-3") _ 



NH 2 



DIEA 



n-BuOH, 120°C 



N 



*N CI 

7-3 
20-1 

ry C N 

NH 2 a . NaH HN^^ 

Jl b. 2-chloro-5-cyanothiazole ^ i 

^1 THF, reflux " N 



N 

20-2 



N 



k/O 20-3 I^J, 



9.^ ft th yl-fi-r4-(2-mor P holin-4-vlethvn P iDe r a ^n-1-vl1 P vrimidin^-amin 

210 mg (1 .47 mmol) of 2-memyl-4-chloro-6-ammopyrimidine 20-1 
15 and 294 mg (1.47 mmol) of 4-(2-piperazin-l-ylethyl)morpholine 7-3 were used to 
obtain the desired product 20-2 as a yellow oiVsolid. MS M+l = 307. HI NMR 
(CDC1 3 ): 2.37(s,3H), 2.53(br m, 4H), 2.57(br m, 4H), 3.57(m,4H), 3.73(m,4H), 
4.52(brs,2H),5.41(s,lH). 
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2-({2-methyl-6-[4-(2-morpholm-^ 

thiazole-5-carbonitrile (20-3) : _ 

From 244 mg (0.80 mmol) of 2-methyl-6-[4-(2-morpholin-4-ylethyl) 
piperazin-l-yl]pyrimidin-4-amine 20-2 and 116 mg(0.80 mmol) of 2-chloro-5- 
5 cyanothiazole 2-2 was obtained the trisTFA salt of 20-3 as fluffy pale yellow 

amorphous powder after lyophilization. HRFABMS: Measured = 415.2043, theo. = 
415.2023. . HI NMR (DMSO-d6): 2.46(s,3H), 3.03(br s, 2H), 3.14(br s, 8H), 3.24 
(br s, 2H), 3.80( br s, 8H), 6.14(s,lH), 8.26(s,lH). 

in SCHEME 21 



2<{5-memyl-6-[4-(2-morpholin-4-ylethyl)piperazin-l-yl]pyrimidin-4-yl}aiiu 
thiazole-5-carbonitriIe (21-3) . 

N^^T , \^ N ^ , n-BuOH,120°C 



21-1 7-3 L \^/0 

I d a.NaH 



15 




CN 



NH 2 . , u HN s 

j a. NaH j 

N ^^/' b. 2-chloro-5-cyanothiazole _ n'^t // 

I JL ^ THF, reflux II i ^ 



N. 



21-2 



S-methvl-6-r4-(2-morphoUn-4-vlemvl)pip era7in-l-vl1pyrirnidin-4-amine(21-2) — 
From 400 mg (2.79 mmol) of 4-cmoro-5-memyl-6-aminopyrimidine 
21-1 and 556 mg (2.79 mmol) of 4-(2-piperazin-l-ylethyl)morpholine 7-3 was 
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obtained the desired product 21-2 as a tan oil/solid. FAB MS M+l = 307. HI NMR 
(CDCI3): 2.00(s,3H), 2.57(m, 4H), 2.64(m, 8H), 3.37(m,4H), 3.76(m,4H), 5.18(br s, 
2H), 8.16(s,lH). 

5 2<{5-methyl-6-[4-(2-morphoUn-4-ylethyl)piperazin-l-yl]p 

thiazole-5- rarhoTiitrile (21-3) — — ■ ■ 

~~~ 375 mg (1.22 mmol) of 5-methyl-6-[4-(2-morpholin-4-ylethyl) 

pi P era2in-l-yl]pyrimidin^4-amine 21-2 and 177 mg(1.22 mmol) of 2-chloro-5- 
cyanothiazole 2-2 were used to obtain the tris TFA salt of 21-3 as a fluffy pale 
10 yellow amorphous powder after lyophilization. FAB MS M+l = 416. HI NMR 
(DMSO-d6): 2.19(s,3H), 3.01(br s, 4H), 3.22 (br s, 8H), 3.54(br s, 4H), 3.78( br s, 
4H), 8.36(s,lH), 8.57(s,lH), 11.77(brs, 1H). 
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SCHEME 22 



Cl \ N 

- NH 2 T > NaH 




Y CN 
I 22-1 22-2 

2^(2 ^-nimemvl-pvriTmdin^v ^TnmnVthiazolp-^-carbonitrile (22-3) 

4-amino-2,6-dimethylpyrimidine (93 mg, 0.76 mmol)was dissolved 

20 in 1.4 mL anhydrous DMF and sodium hydride (66mg, 60% dispersion, 2.77 mmol) 
was added at room temperature. When the bubbling stopped, 2-chloro-thiazole-5- 
carbonitrile (0.100 g, 0.692 mmol) was added and the reaction was stirred at room 
temperature. After 4 hours, 1M HC1 was added until the solution was neutral. The 
resulting precipitate was filtered, washed with water, and dried under high vacuum. 

25 The material was washed with hexane and filtered again and air dried to afford the 
title compound. lH-NMR (300 MHz, DMSO-d6) 12.47 (lH,s), 8.32 (lH,s), 6.75 
(lH,s), 2.58 (3H,s), 2.38 (3H,s). M+l = 232.1. MP>250 
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2^Pvrimidin-4-vlanunoVthiazole"5 ^arbQTiitrile (22-4) 



fYV) 

CN 



Compound 22-4 was prepared in an identical fashion to 22-3. 
1H-NMR (400 MHz, DMSO) 12.63 (lH,s), 8.96 (lH,s), 8.59 (lH,d J=5.39), 8.36 
(lH,s) 7.14 (lH,d, J=5.8). M+l = 204. MP>250 

10 2-r6-(4-AceWl-p i perazin-l-vl>p^^ 

CN 

l-[4-(6-Ainino-pyriinidin-4-yl)-piperazin-l-yl]-ethanone TFA salt 
15 (72 mg, 0.22 mmol) was stirred in anhydrous THF under N2- Sodium hydride 
(26 mg, 60% dispersion, 0.65 mmol) was added followed by the addition of 2- 
chlorothiazole-5-carbonitrile (62 mg, 0.43 mmol). The reaction was heated to reflux 
and after 30 minutes additional 2-chloro-thiazole-5-carbonitrile (85 mg, 0.59 mmol) 
was added. After a total of 1.5 hours, the reaction was cooled to room temperature, 
20 diluted with water and the bulk of the tHF was removed in vacuo. The resulting 
mixture was adjusted to pH 7 with 1 M HC1 (aq). The resulting precipitate was 
filtered, washed with water and after air drying was washed with hexane. lH-NMR 
(400 MHz, DMSO) 12.11 (lH,s), 8.45 (lH,s), 8.26 (lH,s), 6.23 (1H, s), 3.62-3.55 
(m, 8H), 2.05 (s, 3H). M+l = 330.2. 
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2-[6-(4-Methyl-piperazin4 ^ 

(22-6) : 




6-(4-Methyl-piperazin-l-yl)-pyriinidin-4-ylamine (97 mg, 0.50 
mmol) was stirred in 2 mL anhydrous THF under N2- Sodium hydride (43 mg, 60% 
dispersion, 1.10 mmol) was added and after stirring for 30 minutes, 2-chloro-thiazole- 
10 5-carbonitrile (87 mg, 0.60 mmol). After LCMS indicated complete conversion, 
the reaction was quenched with MeOH, neutralized with 10% citric acid (aq). The 
resulting precipitate was filtered, washed with water and after air drying was washed 
with hexane. iH-NMR (400 MHz, DMSO) 12.00 (lH,s), 8.42 (lH,s), 8.25 (lH,s), 
6.21 (1H, s), 3.54 (m, 4H), 2.39 (m, 4H), 2.21 (s, 3H). M+l = 302.3. 

15 

2-( 6-DimethvlaminO'pvrimidin^-vIamino)-tMazole~5-carbonitrile (22-7) 



N^N S^/ 

CN 

20 Prepared by the same method as 22-6. iH-NMR (400 MHz, DMSO) 

12.02 (lH,s), 8.40 (lH,s), 8.24 (lH,s), 6.09 (1H, s), 3.05 (s, 6H). M+l = 247.1. 

2-f6-PyiroIidin-l-vl-pvrimidin-4-vlari]dnoVthiazole-S-carbonitrile (22-8) 
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On 



yVt 



H 




N^>N S 



CN 



Prepared by the same method as 22-6. iH-NMR (400 MHz, DMSO) 
12.01 (lH,s), 8.38 (lH,s), 8.24 (lH,s), 5.95 (1H, s), 3.40 (bs, 4H), 1.95 (bs, 4H). 
5 M+l= 273.1. 

2-('6-Morpholin-4-vl-pvrimidin-4-vlaminoVthiazole-5-carb onitrile (22-9) 



stirred in 5 mL anhydrous THF under N2- Sodium hydride (82 mg, 60% dispersion, 
2.05 mmol) was added and the reaction was warmed to 45°C for 5 minutes. 2-chloro- 
thiazole-5-carbonitrile (208 mg, 1.44 mmol) was added and the reaction was heated 

15 to reflux. After 30 minutes added additional 2-chloro-thiazole-5-carbonitrile (85 mg, 
0.59 mmol). After an additional lhour the reaction was cooled to room temperature, 
quenched with water and the THF was removed in vacuo. The mixture was neutral- 
ized with 1 M HCL and the resulting precipitate was filtered and washed with water. 
The solid was suspended in DMSO, filtered and washed with EtOAc to provide the 

20 title compound. iH-NMR (400 MHz, CD3OD) 8.44 (lH,s), 7.95 (lH.s), 6.13 (1H, s), 
3.81 (t, 4H, J = 5.0 Hz), 3.63 (t, 4H J = 4.9 Hz). M+l = 289.1. 

2-(6-Piperidin-l-vl-Pvrimidin-4-vIamino)-thiazole-5-carbonitrile (22-10) 




CN 



10 



6-Morpholin-4-yl-pyrimidin-4-ylamine (185 mg, 1.03 mmol) was 
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N^N 



A flame dried flask under Ar was charged with sodium hydride 
5 (35 mg, 60% dispersion, 0.86 mmol) and 2 mL anhydrous THDF. 6-Piperidin-l-yl- 
pyrimidin-4-ylamine (70 mg, 0.39 mmol) was added slowly followed after 10 minutes 
by the addition of 2-chloro-thiazole-5-carbonitrile (68 mg, 0.47 mmol). After lhour 
at room temperature the reaction was heated to reflux. After 4 hours, the reaction was 
cooled, diluted with water and adjusted to pH 7 with 1M HC1 (aq). The resulting 
10 precipitate was filtered washed with water and air dried. The resulting solid triturated 
with ether, sonucated, filtered and washed with ether. iH-NMR (400 MHz, DMSO- 
d6) 11.99 (s, 1H), 8.39 (lH,s), 8.24 (lH,s), 6.20 (1H, s), 3.57-3.54 (m, 4H), 1.64-1.53 
(m, 6H). M+l = 287.3. mp >250. 

15 2-(6-Methoxv-pyrinndin-4-vlamino)-tmazole-5-carbonit rile (22-11) 



MeO 




A flame dried flask under argon gas was charged with sodium 
20 hydride (39mg, 60% dispersion, 0.97mmol) and 2mL anhydrous THF. 6-Methoxy- 
pyrimidin-4-ylamine (55 mg, 0.44 mmol) was added slowly followed, after 10 
minutes, by the addition of 2-chloro-thiazole-5-carbonitrile (76 mg, 0.53 mmol). 
After 1 hour, the reaction was diluted with water and adjusted to pH 7 with 1M HC1 
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(aq). The resulting precipitate was filtered, washed with water and air dried. The 
resulting solid triturated with ether, sonucated, filtered and washed with ether. 
1H-NMR (400 MHz, DMSO-d6) 12.40 (s, 1H), 8.68 (lH.s), 8.31 (lH,s), 6.42 (1H, s), 
3.92 (s, 3H). M+l = 234.2. mp 246-248. 

5 

2-("2,6-Dimethoxv-PYrimidin-4-vlamino)-thiazole-5-carbonitrile (22-12) 



(110 mg, 60% dispersion, 2.77 mmol) and 3 mL anhydrous THF. 2,6-Dimethoxy- 
pyrinxidin-4-ylamine (118 mg, 0.76 mmol) was added slowly. After the resulting 
bubbling ceased, 2<hloro-thiazole-5-carbonitrile (100 mg, 0.69 mmol) was added and 
the reaction was heated to 40°C. After several hours the reaction was cooled to room 

15 temperature, the THF was removed in vacuo, and the mixture was diluted with water 
and adjusted to pH 7 with 1M HC1 (aq). The resulting precipitate was filtered, 
washed with water and air dried. The resulting solid was purified by flash column 
chromatography (eluted with 3:1 hexane/EtOAc) followed by purification by reverse 
phase HPLC. The product was free based with sat NaHC03 (aq) and filtered to give 

20 a pure sample of the title compound. lH-NMR (300 MHz, DMSO-d6) 12.36 (s, 1H), 
8.29 (lH,s), 6.02 (1H, s), 4.02 (s, 3H), 3.87 (s, 3H). mp >250. 

2-r2-Memoxv-pvrimidin-4-vlamino)-thiazole-5-carbonitrile (22-13) 



H 




OMe 



A flame dried flask under Ar was charged with sodium hydride 
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A flame dried flask under argon (g) was charged with sodium hydride 
(33 mg, 60% dispersion, 0.83 mmol) and 1.5 mL anhydrous THF. 2-Methoxy- 

5 pyrimidin-4-ylamine (26 mg, 0.21 mmol) was added slowly. After the resulting 
bubbling ceased, 2-chloro-thiazole-5-carbonitrile (30 mg, 0.21 mmol) was added 
and the reaction was heated to reflux. After 2 hours, the reaction was cooled to 
room temperature, the THF was removed in vacuo, and the mixture was diluted with 
water and adjusted to pH 7 with lM HC1 (aq). The resulting precipitate was filtered, 

10 washed with water and air dried. The resulting solid was purified by flash column 

chromatography (eluted with a gradient 85:15 hexane/EtOAc to EtOAc) to give a pure 
sample of the title compound. iH-NMR (300 MHz, DMSO-d6) 12.61 (s, 1H), 8.36 
(d, 1H, J = 6.4 Hz), 6.73 (d, 1H, J = 5.6 Hz), 4.02 (s, 3H). mp >250. 
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SCHEME 23 



u H 

N Y NH2 C '^-OMe r jjj S-J CHCI: 



V N s — ™ — * T 

I 23-1 ' 



3 



23-2 



H 

> 2^B(0H)g , N -f M 



T ,N 23-3 S Br P «° AC) * Ph3P ' 23-4 fl> 



(2.6-Dimet h y1-pvrimidin-4-vlVthiaz oI-2-vl-amine(23-2') 



2,6-Dimethyl-(4-thiourea)pyrimidine (275 .Omg, 1.51mmol) was added 
10 to a round bottomed flask along with excess 2-chloro-l ,1-dimethoxyethane, 2 mL 
ethanol and 2.0 mL concentrated hydrochloric acid and 10 mL of water at room 
temperature. The reaction was allowed to reflux over night. The reaction was cooled 
and neutralized with sodium hydroxide. The solid which precipitated was collected, 
air dried and used as is. iH-NMR (400 MHz, DMSO-d6) 11.53 (lH,s), 7.43 (lH,d), 
15 7.14 (lH,d), 6.69 (lH,s), 2.50 (3H,s), 2.31 (3H,s). MS(M+1) = 207. 

(5-Bromo4Mazol-2-vlVr2.6^imft th Yl-pvrimid in-4-y1Vamine(23-3) 



To a round bottomed flask were added 50 mg of (2,6-dimethyl- 
pyrimidin-4-yl)-thiazol-2-yl-amine (23-2), chloroform (3.0mL) and 47 mg of N- 
20 bromosuccinimide. The reaction was allowed to stir at room temperature for 2 
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hours. The chloroform was diluted with ethyl acetate and washed with saturated 
sodium bisulfite solution. The ethyl acetate was dried (MgS04).and the solvent 
removed under high vac to give the desired product. The title compound was 
used as is. 1H-NMR (400 MHz, DMSO-d6) 11.05 (lH,s), 7.53 (lH,s), 6.69 
5 (lH,d), 6.69 (lH,s), 2.54 (3H,s), 2.35 (3H,s). MS(M+1) = 285. 

(2,6-Dimethvl-pvrimidto^^ (23-4) 

To a round bottomed flask were added (5-bromo-thiazol-2-yl)-(2,6- 
dimethyl-pyrimidin-4-yl)-amine (23-3) (lOOmg, 0.35 mmol), 4-pyridineboronicacid 

10 (47 mg, 0.39 mmol), and isopropanol. After 0.5 hour palladium acetate (0.1 mg 
0.0035 mmol), triphenylphosphine (2.75 mg, 0.0105 mmol), sodiumcarbonate (45 
mg, 0.42 mmol) and water were added. The reaction was heated under reflux for 
1.0 hour. The reaction was cooled, solvents removed and the residue dissolved into 
methanol (4.0 mL). Trifluoroacetic acid (0.5 mL) was added and the mixture purified 

15 by reverse phase preparative HPLC (C18) giving the above compound as a TFA salt. 
1H-NMR (400 MHz, CD3OD) 8.71 (2H,br-s), 8.48 (lH,s), 8.18 (2H,br-s), 6.99 
(lH,s), 2.82 (3H,s), 2.57 (3H,s). MS(M+1) = 284. 
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SCHEME 24 



6 6 — - ,N ^' 

NHBoc 



24-1 24-2 



MaO-^V BocNH 2 Me ° 




N^N Pd(0) N -^ N 

24-4 

24-3 



BBr, 



N^H DMF II I 

24-5 24 - 6 



2. KOH 0 



24-7 NaH 



v- 



N^N S- 

CN 

O 24-8 



6-(Methoxvmethyl)pvrimidin-4-ol (24-2) 



To a solution of methyl 4-methoxyacetoacetate (2.0 g, 13.69 mmole) 
in MeOH (15 mL) was added fonnamidine acetate (1.57 g, 15.05 mmole) and 
NaOMe (6.5 mL of a 25% by weight solution in MeOH, 30.11 mmole) then the 
mixture was heated to reflux. After 18 hours, the mixture was cooled to room 
10 temperature and concentrated to dryness. The residue was taken up in H2O and 
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the pH adjusted to 7. The aqueous mixture was extracted with CHCI3 (3x). The 
combined organic layers were dried (MgSCH), filtered, and concentrated to give 
the title compound which was sufficiently pure for use in the next step without 
purification. lH-NMR (500 MHz, CDCI3) 5 8.17 (s, 1 H), 6.60 (s, 1 H), 4.38 
5 (s,2H),3.50(s,3H). 

4-Chloro-6-('methoxvmethvl')pvrimi(iine (24-3) . 

6-(Methoxymethyl)pyrimidin-4-ol (948 mg, 6.8 mmole) was taken 
up in CH2CI2 (10 mL) and POCI3 (6 mL) at room temperature. After 18 hours, 

10 the mixture was concentrated to dryness. The residue was taken up in ice water and 
the pH adjusted to 7. The mixture was extracted with CHCI3 (4x). The combined 
organic layers were dried (MgS04), filtered, and concentrated to give the title 
compound which was sufficiently pure for use in the next step without purification. 
lH-NMR (500 MHz, CDCI3) 5 8.95 (s, 1 H), 7.58 (s, 1 H), 4.48 (s, 2 H), 3.50 

15 (s, 3 H). 

fert-Butvl 6-(methoxvmethvDpvrimidin-4-vlcarbamate (24-4) 

To a solution of 4-chloro-6-(memoxymemyl)pyrimidine (768 mg, 
4.84 mmole) in dry dioxane (10 mL) was added CS2CO3 (2.37 g, 7.26 mmole), 

20 Xanthphos (84 mg, 0.15 mmole), Pd2(dba)3 (44 mg, 0.05 mmole), and tert- 

butylcarbamate (681 mg, 5.81 mmole) then the mixture was heated to reflux. After 3 
hours, the mixture was cooled to room temperature, diluted with H2O, and extracted 
with CH2CI2 (3x). The combined organic layers were dried (MgSCH), filtered, and 
concentrated. Flash column chromatography (35% EtOAc/hexanes) gave the title 

25 compound as a pale yellow solid. lH-NMR (500 MHz, CDCI3) 5 8.74 (s, 1 H), 8.04 
(s, 1 H), 8.00 (bs, 1 H), 4.51 (s, 2 H), 3.51 (s, 3 H), 1.55 (s, 9 H). 
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(6-Aminopvrimidin-4-yl)methanol (24-5) 

To a solution of tert-butyl 6-(methoxymethyl)pyriinidin-4-ylcarbamate 
(100 mg, 0.42 mmole) in CH2CI2 (2 mL) was added BBr3 (2.1 mL, 1M solution in 
CH2CI2, 2.1 mmole) dropwise at -20°C. After 1.5 hours, the mixture was quenched 
5 with MeOH and concentrated. The solid was taken up in MeOH and concentrated 
(2x) and dried in vacuo to give the title compound as a tan solid. 1H-NMR (300 
MHz, d6-DMSO) 5 8.63 (s, 1 H), 6.64 (s, 1 H), 4.50 (s, 2 H). 

N T -(6-CMoromethvl"Pvrimidin^"Vl)-N,N>dimethvl"formamidine (24-6) 

10 To a suspension of (6-aminopyrimidin-4-yl)methanol (52 mg, 0.42 

mmole) in CH2CI2 (2 mL) was added DMF (0.03 mL, 0.42 mmole) then POCI3 
(0.04 mL, 0.42 mmole) at room temperature. After 2 hours, Et3N (0.3 mL) was 
added and stirring continued. After 18 hours, the mixture was concentrated. The 
residue was taken up in saturated NaHC03 and extracted with CH2CI2 (4x). The 
15 combined organic layers were dried (MgS04), filtered, and concentrated to give the 
title compound as its DMF amidine. lH-NMR (300 MHz, d6-DMSO) 5 8.78 
(s, 1 H), 8.65 (s, 1 H), 6.90 (s, 1 H), 4.60 (s, 2 H), 3.18 (s, 3 H), 3.05 (s, 3 H). 

6- IY4- Acetylpiperazin- 1 -vDmethvllpvrimi din-4-amine (24-7) 

20 To a solution of 6-(chloromethyl)pyrimidin-4-amine DMF amidine 

(56 mg, 0.39 mmole) in DMSO (2 mL) was added Hunig's base (0.2 mL, 1.17 mmole) 
and acetylpiperazine (100 mg, 0.78 mmole) at room temperature. After 18 hours 
LCMS indicated the desired amidine. KOH (100 mg) and MeOH:H20 (10 mL, 1:1) 
was added and stirring continued. After 72 hours, the mixture was made acidic with 
25 IN HC1 and washed with CH2CI2 (2x). The aqueous layer was neutralized with 
saturated NaHC03, and concentrated. The residue was taken up in MeOH, filtered, 
and concentrated (repeat lx). The residue was taken up in CH2CI2, filtered, and 
concentrated. The crude material was used in the next step without purification. 
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2-({6-[(4-Acetylpiperazin-l-yl)m^ 

carbonitrile (24-8) 

To a solution of crude 6-[(4-acetylpiperazin-l~yl)methyl]pyrimidin-4- 
amine (60 mg, 0.26 mmole) in dry THF (2 mL) was added NaH (50 mg, 1.27 mmole). 
5 After gas evolution had ceased 2-chloro-5-cyano-l,3-thiazole (148 mg, 1.02 mmole) 
was added and the mixture was heated to reflux. After 4 hours, the mixture was 
cooled to room temperature and quenched with saturated NH4CI. The mixture was 
filtered to remove a precipitate which was washed with H2O and CH2CI2. The layers 
were separated and the aqueous layer extracted with CH2CI2 (3x). The combined 
10 organic layers were dried (MgS04), filtered, and concentrated. Purification by 

reverse phase HPLC (5-100% CH3CN/H2O + 0.1% TFA) gave the TFA salt of title 
compound as a white solid. 1H-NMR (300 MHz, dg-DMSO) 8 12.87 (bs, 1 H), 9.03 

(s, 1 H), 8.40 (s, 1 H), 7.21 (s, 1 H), 4.40-2.80 (m, 10 H), 2.03 (s, 3 H); MS (ES) 
(M+H) + 344. 
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SCHEME 25 




25-1 H 



CF, 



DIEA 



n-BuOH, 120°C 




a. NaH 

b. 2-chloro-5-cyanothiazole 
THF, reflux ' 



2M KgCtyMeOH/DME HN S 
60°C 




25-3 



H 




l-(6-aminop-yrimidin-4-vDazepan-4-aTninft ( 25-2) 



10 



In a manner identical to that described above in Scheme 7, 152 mg 
(1.17 mmol) of 4-chloro-6-aminopyrimidine 7-2 and 380 mg (1.17 mmol) of 
4- trifluoroactemido-azepane 25-1 were used to produce of 25-2 as an oil. 
MS M+l = 304. 

2-!f6-f4-a niinoazeDan-l-vDpvrim^ 

As described in Scheme 4 above, 272 mg (0.90 mmol) of l-(6- 
aminopyrimidin-4-yl)azepan-4-amine 25-2 and 130 mg(0.90 mmol) of 2-chloro-5- 
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cyanothiazole were used to produce crude 25-3 as a brown oil. The oil was dissolved 
in 2 mL 2M potassium carbonate/2 mL MeOH/2 mL DME, and the resulting solution 
was heated at 60°C for 18 hours. The solution was cooled and concentrated in vacuo, 
and the crude product purified by reversed phase prep LC to give the desired product 
5 25-4 as a fluffy pale yellow amorphous powder after lyophilization. HR FAB MS: 
Measured = 316.1343, theo. = 316.1339. HI NMR(DMSO-d6): 1.49(m,lH), 1.73 
(hr m, 2H), 1.94(m,2H), 2.14(m,lH), 3.18(m,2H), 3.45(brm, 2H), 3.68(m,lH), 6.16 
(s,lH), 7.79(br 2, 2H), 8.23(s, 1H), 8.43(s,lH), 12.02(br s, 1H). 
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(4 _{6-[(5<yano-13-thiazol-2-ytt 

acid (26-3) . ; 

A mixture of 1.00 g (1.94 mmol) of the bis TFA salt of 12-3, 288 uL 

5 (1.94 mmol) of t-butyl bromoacetate 26-1 and 1.05 mL (6.02 mmol) of DEA in 4 
mL acetonitrile was heated at 80°C for 18 hours. The reaction was cooled, and the 
resulting precipitate was removed by filtration. The solid was dissolved in 5 mL 
TFA/5 mL methylene chloride, and the solution stirred at room temperature for 18 
hours. The reaction was concentrated in vacuo, and the crude product taken up in 

10 chloroform/methanol. A precipitate formed in the solution and was removed by 

filtration to give the bis TFA salt of desired product 26-3 as a pale yellow solid, MP = 
285-287'C (decomp). HR Mass Spec: Measured = 346.1065 ,theo. = 346.1081. HI 
NMR: 2.59(m,4H), 3.36(s,2H),'3.64(br s, 4H), 6.22(s,lH), 8.26(s,lH), 8.44(s,lH). 

15 (+) . )2 -(4-{6-[(5-cyano-l,3-tWazol-2-yl)amino]pyrimidin-4-yl}p 

Hi nxidotetrahY^"thien-3-v l)af-etamide (26-5) _ — 

~~ A solution of 150 mg (0.26 mmol) of the bis TFA salt of 26-3, 45 mg 
(0.26 mmol) of l,l-(lioxidotetrahy(irothien-3-ylamine hydrochloride 26-4, 39 mg 
(0.33 mmol) of HOBT, and 210 uL 0 -20 mmol) of DIEA in 2 mL anhydrous DMF 

20 was treated with 57 mg (0.33 mmol) of EDC, and the resulting solution stirred at 
room temperature for 18 hours. The reaction was concentrated in vacuo to a tan oil. 
The crude material was purified by reversed phase prep LC to afford the bis TFA salt 
of the desired product 26-5 as a fluffy white amorphous powder after lyophilization. 
HR FAB MS : Measured = 463.1323, theo. = 463.1329. HI NMR(PMSOd 6 ): 

25 2.09(m,lH), 2.43(m,lH), 2.96(dd, 1H), 3.21(m,lH), 3.29(m,lH), 3.48(dd, 1H), 
3.90(br, 8H), 4.33(br, 2H), 4.53(m,lH), 6.31(s,lH), 8.29(s,lH), 8.54(s,lH), 
12.24(s,lH). 
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SCHEME 27 




PyBOP/HOBT/DlEA 
NH 4 CI 




DMF 

L_,N^A 0H 27-1 k/N-^ NH 



5 2-(4-{ 6-[(5-cyano-l ,3-thiazol-2-yl)amino]pyriimdin-4-yl }piperazin-l-yl) 

acetamide (27-D _^ - 

As described in Scheme 26 above using PyBOP instead of EDC as 
the coupling agent, 150 mg (0.26 mmol) of the bis TFA salt of 26-3 and 30 mg (0.54 
mmol) of ammonium chloride were used to produce the bis TFA salt of 27-1 as an 

10 amorphous fluffy white powder after lyophilization. HR FAB MS: Measured = 
345.1229, theo. = 345.1241. HI NMR(DMSO-d6): 3.19(br , 2H), 3.41(br, 2H), 
3.55 (far, 2H), 4.03(br, 2H), 4.37(br, 2H), 6.33(s,lH), 7.76(br s, 2H), 8.29(s,lH), 
8.53(s,lH), 12.14(s,lH). 

15 SCHEME 28 



j}^) — CN EDC/HOBT/DIEA 



28-1 



N 



II J DMF 

« I J, 0 28 " 2 X/ N ^\ 




26-3 
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10 



2 <4-{6-[(5-cyano-13-thiazol-2-yl)amino]pyrimidin^ 

frYclo propvlmp-thvnacetamide (2 8-2) _ ■ 

As described in Scheme 26 above, 150 mg(0.26 mmol) of the bis 
TFA salt of 26-3 and 19 mg (0.54 mmol) of cyclopropylmethy amine 28-1 were 
used to produce the bis TFA salt of 28-2 as an amorphous fluffy white powder 
after lyophilization. HR FAB MS: Measured = 399.1700, theo. = 399.1710. 
HI NMR(DMSO-d 6 ) : 0.20(dq, 2H), 0.45(dq, 2H), 0.93(m,lH), 3.05(t,2H), 
3.19(br, 2H), 3.38(br, 2H), 3.55(br, 2H), 3.79(br s, 2H), 4.36(br, 2H), 6.29(s,lH), 
8.28(s,lH), 8.52(s,lH), 8.66(br s, 1H), 12.24(s,lH). 

SCTHEME29 



HN 




CN 



EDC/HOBT/DIEA 



N p I 1 



H 2 N^ 




CN 



29-1 



DMF 



26-3 



OH 



HN s 
29-2 k^N-^NH^ 



15 N-(,e«-butyl)-2-(4-(6-^^ 

y 1 )acetamide (29-2) . _ 

As described in Scheme 26 above, 200 mg(0.35 mmol) of the bis TFA 
salt of 2-3 and 37 uL (0.54 mmol) of t-butyl amine 29-1 were used to produce the bis 
TFA salt of 29-2 as an amorphous fluffy white powder after lyophilization. HR FAB 
20 MS: measured = 401.1842, theo. = 401.1867. HI NMR(DMSO-d6) : 1.34(s,9H), 
3.18(br, 2H), 3.38(br, 2H), 3.56(br, 2H), 3.91(br s, 2H), 4.38(br, 2H), 6.31(s,lH), 
8.24(br s,lH), 8.29(s,lH0, 8.53(s,lH), 12.25(s,lH). 
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SCHEME 30 




EDC/HOBT/DIEA 

H 2 N /< 0) 
30-1 



DMF 



26-3 k^N^V 0H 




2-(4-{ 6-[(5-cyano-l ,3-thiazol-2-yl)amino]pyrimidin-4-yl }piperazin-l-yl)-tf- 
tetrahvdrofiiTaTi-3-vlace tamide (30-2) 



As described in Scheme 26 above, 200 mg (0.35 mmol) of the bis 
TFA salt of 26-3 and 30 mg (0.35 mmol) of 3-aminothetrahydrofuran 30-1 were 
used to produce the bis TFA salt of 30-2 as an amorphous fluffy white powder after 
10 lyophilization. HR FAB MS: measured = 415.1632, theo. = 415.1659. HI NMR 
(DMSO-d6) : 1.77(m,lH), 2.15(m,lH), 3.30(br complex, 8H), 3.54(dd,lH), 
3.70(m,lH), ^P^omplex^H), 3.96(s,2H), 4.31(m,lH), 6.33(s,lH), 8.27(s,lH>, 
8.51(s,lH), 8.85(d,lH), 1.25(br s, 1H). 

15 SCHEME 31 




N O 1 
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2-(4-{6-[(5-cyano43-thiazol-2-yl)amino]pyrimidin-4-yl}piperazin-l-yl)-JV- 

cvclobutvlacetamide (31-2) . ■ 

As described in Scheme 26 above, 200 mg(0.35 mmol) of the 

5 bis TFA salt of 26-3 and 25 mg (0.35 mmol) of cyclobutylamine 31-1 were used 
to produce the bis TFA salt of 31-2 as an amorphous fluffy white powder after 
lyophilization. HR FAB MS: Measured = 399.1682, theo. = 399.1710. HI 
NMR(DMSO-d 6 ) : 1.68(m,2H), 1.93(m,2H), 2.20(m,2H), 3.19(br, 2H), 3.39 
(br, 2H), 3.52(br, 2H), 3.91(br s, 2H), 4.26(m,lH), 4.32(br, 2H), 6.29(s,lH), 8.29 

10 (s,lH),8.52(s,lH),8.81(brs,lH),12.24(brs,lH). 

SCHEME 32 



15 




PyBOP/HOBT/DlEA 
NH 2 CH 3 HCL 

DMF 



26-3 




2-(4-{6-[(5-cyano-l,3-tWazol-2-yl)armno]pyrirmdin-4-yl}piperazin-l-yl)-iV- 

methvlacetamide (32-1) 

As described in Scheme 26 above using PyBOP instead of EDC as 
the coupling agent, 200 mg (0.35 mmol) of the bis TFA salt of 26-3 and 47 mg (0.35 
20 mmol) of methylamine hydrochloride were used to produce the bis TFA salt of 32-1 
as an amorphous fluffy white powder after lyophilization. HR FAB MS: Measured = 
359.1360, theo. = 359.1397. HI NMR (DMSO) : 2.71(d,3H), 3.22(br, 2H), 3.40 
(br,2H), 3.52(br, 2H), 3.96(br s, 2H), 4.37(br,2H), 6.32(s,lH), 8.28(s,lH), 8.51(br d, 
1H), 8.55(s,lH), 12.24(brs, 1H). 
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SCHEME 33 



10 



15 




H 

toluene, reflux 

O 
13-1 



33-1 



HN s 

N"S H 
33-2 O 

2-(4-{6-[(5-cyano-l,3-thiazol-2-yl)a m ino]-2-me^ 

AMso propY 1arfttflT ™ de (33-2) — _ 

A mixture of 150 mg (0.60 xBinol) of 33-1, 222 mg (1.20 xnmol) of the 

piperazine derivative 13-1, and 314 uL (1.80 mmol) DIEA in 5 mL toluene was 
stirred at reflux in a nitrogen atmosphere for 3 hours, then at 95°C for 72 hours. The 
reaction was cooled and concentrated in vacuo to a brown oil. The oil was purified by 
reversed phase prep LC to give the bis TEA salt of the desired product 33-2 as an 
amorphous pale orange powder after lyophilization. HR FAB 
MS • Measured = 401.1857 , theo. = 401.1867. HI NMR (DMSO-d6) : Ul(d.OT). 
2.47(s,3H), 3.17(br,2H), 3.46(br complex, 6H), 3.92(m,lH), 4.35(br, 2H), 6.12(s,lH), 
8.36(s,lH), 8.44(br s, 1H), 12.20(2,1H). 
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SCHEME 34 




21-1 



NaH 



THF, reflux 



HN 




34-1 



CN 



HN 



H 



O HN s 



13-1 
DlEA 



toluene, reflux 




34-2 



A vigorously stirred suspension of 1.25 g (8.71 mmol) of 21-1 m 25 

NaH dispersion in oil. The suspension was stirred a. room temperature for 20 rnrnu^ 
andasecondequalporaonofNaHdispersionwasadded The suspens,onwas treat d 

l0 aropwise with a soludon of 1.26 g(871 of 2-2 in 5 mL dry THF, and 

^Lpensionwassu^underrefluxforShoura. The reaedon was dre, cooled and 

W^The aqueous ,ayer was re-exuacted twice with ethy. acetate, and the connot ed 
organic extracts were washed with brine, dried, and concentrated in vacuo 
15 Jdesnedproduct34.iasanor3ngeso.id. The crude product was of sudaole quaht, 

to use directly in the next step. MS M+l - 252. 
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2<4-{6^(5-cyano^ 

isopro pvlacetamide (34-2) " 

As described in Scheme 33 above, 150 mg (0.60 mmol) of 34-1 and 
222 mg (1.20 mmol) of 13-1 (number from patent 20721) were used to produce the 
bis TFA salt of the desired product 34-2 as a fluffy white amorphous powder after 
lyophilization. MS M+l = 401. HI NMR(DMSO-d 6 ) : 1.09(d,6H), 2.19(s,3H), 3.37 
(br complex , 8H), 3.84(br, 2H), 3.92(m,lH), 8.35(s,lH), 8.47(br, 1H), 8.54(s,lH), 
11.78(s,lH). 



10 



SCHEME 35 




HN^l 



2-2 

THF/NaK 
reflux 



H 



35-2 



NH 



35-1 

TEA 



N^ N 35-1 CN 



n-BuOH, 120°C 




15 



9- r (^hlnm pvrimidin- 4-vl^mino1-1 3-thia7.ole-5-carbomtrileI35,IL 

7-2 (2.0g, 15.4mmol) and 1 equivalent of sodium hydride (0.62g, 
15.4mmol) were suspended in THF and stirred for 20 minutes before adding 2-chloro- 
1 3-thiazole-5-carbonitrile 2-2 (2.23g, 15.4mmol) and the other equivalent sodium 
hydride simultaneously. The reaction was refluxed for 1.5 hours, cooled, quenched 
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with methanol and water, evaporated to dryness and partitioned between methylene 
chloride, methanol and water. The aqueous layer was evaporated to dryness and 
purified on a silica column (DCM to 9:1:0.1 DCM:MeOH:NH40H) to afford 35-1. 
1H-NMR (CD 3 OD): 8.75(s,lH); 8.10(s,lH); 7.09(s,lH). 

2-({6-[4-(5-o X o-l,4^ 

5-carbonitrile (35-3) — " 

A solution of 150 mg(0.63 mmol) of 35-1, 249 mg(1.26 mmol) of 
35-2 andlSl uL(1.30 mmol) of TEAin4mLn-BuOHwas heated at 120°Cina 

10 sealed tube for 18 hours. The reaction was cooled, and the resulting precipitate was 
removed by filtration. The solid was dissolved in a minimal amount of MeOH/TFA, 
and was purified by reversed phase prep LC to give the bis TFA salt of the desired 
product 35-3 as an amorphous pale yellow solid after lyophilization. MS M + l = 
399. HI NMR (DMSO-d 6 ) : 1.62(q,2H), 2.19(d,2H ) 2.48(dd,lH), 2.94(m,4H), 3.13 

15 (m,lH), 3.29(m,2H), 3.69(t,lH), 4.41(br, 2H), 6.29(s,lH), 7.92(br t, IH), 8.27(s,lH), 
8.46(s,lH), 12.15(br s, 1H). 

.SCHEME 36 



+ 1 n - 

^1 2HCI / N "\ 




20 



TEA 



HN 



BuOH, 120°C 




-s 




36-1 
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10 



(+j .)-2K{6-[4-(l-morpholin-4-ylethyl)piperidi^ 
thiazole-5- ^ ^Thnnitrile (36-2) 



As described in Scheme 35 above, 150 mg (0.63 mmol) of 35-1 and 
342 mg (1.26 mmol) of 36-1 were used to produce (after purification as above) the 
bis TFA salt of the desired product 36-2 as pale yellow amorphous powder after 
lyophilization. MSM + 1=400. HI NMR(DMSO-d 6 ) : 1.19(d,3H), 1.25(dq,lH), 
1 34(dq 1H), 1.67(d,lH), 1.77(d,lH), 2.22(br t, IH), 2.94(t,2H), 3.12(m,ffl), 
3.21(m,lH), 3.29(br m, IH), 3.47(d,2H), 3.75(dt, 2), 4.00(d,2H), 4.34(br, 2H). 
6.26(s,lH), 8.27(s,lH), 8.42(s,lH), 12.09(br s, IH). 



; 
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A solution of 2.00g (9.99 mmol) of 37-1, 1.80 g(9.99 mmol) of 12-1, 
and 3 48 mU (19.98 mmol) of DIEA in 18 mL dry acetonitrile was heated at 65°C for 
5 hours. The reaction was cooled and concentrated in vacuo to afford a tan oiVsohd. 
5 The cude material was purified by column chromatography over silica gel with 5% 
MeOH/CHCls eluent to give the product 37-2 as a yellow oil. This material was 
dissolved in 10 mL CH 2 C1 2 , and the solution was cooled to 0°C. The solution was 
treated with 819 uL (4.70 mmol) of DIEA, followed by dropwise addition of 661 
(4 68 mmol) of trifluoroacetic anhydride. The resulting solution was stored at 
10 ambient temperature for 18 hours, and the reaction was washed twice with water. 
The organic layer was dried and concentrated in vacuo to give 37-3 as a tan foam. 
The foam was immediately dissolved in 5 mL TFA/5 mL CH 2 C1 2 , and the solution 
stirred at room temperature for 18 hours. The reaction was concentrated to dryness to 
afford the TFA salt of the desired product 37-4. The material was used .as obtained 
15 from the reaction without further purification. 

tfl-isopropyl-i^-{l-[6-(l,3-^^ 



20 



25 



glycinamide (37-6) 



A solution of 250 mg(l .05 mmol) of 35-1, 860 mg (2.10 mmol) of the 
TFA salt of 37-4, and 732 uL (5.25 mmol) of TEA in 5 mL n-BuOH was heated at 
120°C in a sealed tube for 18 hours. The reaction was cooled to room temperature, 
and a precipitate resulted. The precipitate was removed by filtration to give crude 37- 
5 after drying. This material was dissolved in 1 mL MeOH/1 mL 2M potassium 
carbonate/0.5 mL DME, and the resulting solution stirred at 60°C for 18 hours. The 
reaction was concentrated to dryness, and the crude residue purified by reversed phase 
prep LC to give the bis TFA salt of the desired product 37-6 as a fluffy white 
amorphous powder after lyophilization. FAB MS: M+l - 401. HI NMR(DMSO-d 6 ) 
• 1 ll(d 6H), 1.49 (dq, 2H), 2.06(d,2H), 2.94(t,2H), 3.38(m,lH), 3.69(br m, 2H), 
3.90(m,lH), 4.35(br s, 2H), 6.26(s,lH), 8.25(s,lH), 8.36(dd,lH), 8.44(s,lH), 
30 8.93(d,lH), 12.14(s,lH). 
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SCHEME38 



10 



HN 



^ _ N 



Br 

H . N. > 



12-3 



N~^ N CN h 38-1 



H o 



38-2 N-^ N CN 

2 _(4-{6-[(5-Cyano-13-tfcazol-2^ 
cyclopropyl-acetami de (38-2) 



12-3 (0.2g, 0.39mmol) and 2-bromo-iV-cyclopropylacetamide 38-1 
(0.069g, 0.39mmol) were suspended in chloroform/2M Na 2 C0 3 in a sealed tube and 
heated in a Smith Personal Chemistry microwave reactor at 100°C for 20 minutes. 
The solid was then filtered off and purified on a silica column to afford 38-2. Hi-Res 
MS: calc: 385.1554 found: 385.1548. lH-NMR (CD3OD): 8.39(s,lH); 7.99(s,lH); 
6.14(s,lH); 3.68(m,4H); 3.05(s, 2H); 2.70(m, IH); 2.58(m, 4H); 0.75(m, 2H); 0.55(m, 
2H). 



15 
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SCHEME 39 





TEA 



n-BuOH 
150°C 



NH 2 

39-2 



ci- 



N. 




2-2 



CN 



THF/NaH 
reflux 



6 



O-N^ 



39-3 



N~^ 



H M 

N S ^CN 



5 ^ IfcOJ^icjudotetraha^^ 

7-2 (0.23g, 1.79mmol), DIEA (0.69g, 5.37mmol) and 
dioxidotetrahy(kothien-3-yl)piperazineduu^ dichloride (the bis HC1 salt of 39-1) 
(0.49g, 1.79mmol) were stirred at 150°C in n-butanol for 18 hours overnight. Upon 
cooling, the solid was filtered off and washed with n-butanol and ethyl ether to afford 

10 39-2. Hi-Res MS: calc: 298.1132 found: 298.1357. iH-MMR (CD3OD): 7.97(s,lH); 
5.72(s,lH); 3.55(t,4H); 3.27(complex,2H); 3.07(complex,2H); 2.77(complex,lH); 
2.67(m,2H); 2.59(m,2H); 2.47(m,lH); 2.12(m,lH). 

(+/-)-2-({6-[4-(14-Dioxidotetjahydrothien-3-yl)piperazin-l-yl]pyrimi 
15 amino)-! 3-t hia7."1e-5-carb onitrile (39-3) 



6-[4-(ia-DioxidotetrahydrotWen-3-yl)piperazin-l-yl]pyrirnidin- 
4-amine 39-2 (0.30g, l.Olmmol), sodium hydride (O.OSlg, 2.02mmol) and 2-chloro- 
LS-thiazole-S-carbonitrile 2-2 (0.14g, l.Olmmol) were treated as in Scheme 4 above. 
The product was purified on a C 18 column. Hi-Res MS: calc: 406.1114 found: 
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406.1105. 1H-NMR: 8.46(s,lH); 8.01(s,lH); 6.24(s,lH); 3.86(br s,6H); 3.59(m,lH); 
3.39(m,lH); 3.27(m,lH); 3.17(complex,4H); 2.70(m,lH); 2.29(m,lH). 



SCHEME 40 



H K, 



ci^=< T II 




+ ^ TEA 



IW" N 35-1 CN J™ W 150°C 



H M 



°40-2A^ N Y^ W 
40-2B N-^ 1 




f-^ and r-Vl-f 1 ^-Dioxidotetrahvdrothien-3- vnpiperazine f 40-1 A and 40-1B) 

The racemic l-(l,l-dioxidotetrahydrothien-3-yl) was resolved 

10 on a Chiralpak AS 5x50 column. The first compound off the column is the 
(+)-enantiomer, 40-1B. The second compound eluted off the column is the 
(-)-enaritiomer, 40-1A. The absolute configuration of each enantiomer was not 
determined. iH-NMR (CDC1 3 , (+)-isomer): 3.26(m,3H); 3.00-3.09(complex,2H); 
2.95(t,4H); 2.59(m,2H); 2.52(m,2H); 2.42(m,lH); 2.13(m,lH). iH-NMR (CDCI3, 

15 (-)-isomer): 3.27(m,3H); 2.98-3.09(complex,2H); 2.91(t,4H); 2.54(m,2H); 2.39- 
2.48(complex,3H); 2.13(m,lH). 

2^{6-[4-(ia-Dioxidotetrahydromien-3-yl)piperazin-l-yl]pyrii^ 

thiazole-5-carbo nitrilR (ENANTTOMER A. 40-2A) _ 

20 The (-)-isomer of 40-1A (0.15g, 0.73mmol) and 35-1 (0.17g, 0.73 

mmol) were dissolved in n-butanol and triethylamine (0.22g, 2.2mmol) and heated 
at 150°C for 2 hours. The reaction was cooled and the solid was filtered off, washed 
with n-butanol, ethyl ether and then dried to afford enantiomerically pure 40-2A with 
an enantiomeric excess greater than 98%. Hi-Res MS: calc: 406.1114 found: 
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406.1142. 1H-NMR (CD 3 OD): 8.57(s,lH); 8.10(s,lH); 6.45(s,lH); 4.25(m,2H); 
4.08(br s,3H); 3.72(m,lH); 3.59(br s,2H); 3.48(m,4H); 3.25(m,lH); 2.83(m,lH); 
2.44(m,lH). The absolute configuration of this compound was not determined. 

2_({6-[4-(U-Dioxidotetrahyto 
1 ^-thiazole-5-carhnnitrile (ENA NTTOMHR B. 40-2B) 



The (+)-isomer of 40-1B (0.l6g, 0.77mmol) and 35-1 (0.18g, 0.77 
mmol) were dissolved in n-butanol and triethylamine (0.23g, 2.32mmol) and 
heated at 150°C for 2 hours. The reaction was cooled and the solid was filtered 
10 off, washed with n-butanol, ethyl ether and then dried to afford enantiomerically 

pure 40-2B with an enatiomeric excess greater than 98%. Hi-Res MS: calc: 406.1114 
found: 406.1140. iH-NMR (CD3OD): 8.53(s,lH); 8.07(s,lH); 6.38(s,lH); 
4.23(m,2H); 4.04(br s,3H); 3.72( m> lH); 3.56 (br s,2H); 3.46(m,4H); 3.23(m,lH); 
2.83(m,lH); 2.44(m,lH). The absolute configuration of this compound was not 
15 determined 

SCHEME 41 



HO. 



•N 



thionyl chloride 



-O pyridine 



41-1 v ^ 60°C 




0 W 



H 
N 



41-3 N^ N CN 




20 
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15 



^.M^thvm^^hnhnA-him 1 l^iojddechlpride (41-2) . 

4-(2-Hydroxyethyl)thiomorpholin-4-iuni 1,1-dioxide chloride, the HC1 
salt of 41-1 (6.0g, 27.82mmol) was treated with pyridine (2.43g, 30.60mmol) and 
then warmed with a solution of thionyl chloride (4.96g, 41.72mmol) in chloroform 
(20mL) to 60°C. After 1.5 hours the reaction was cooled to 25»C and water was 
added The chloroform was drawn off and the aqueous layer was condensed under 
reduced pressure to a clear syrup which crystallized upon standing. The crystals 
were filtered off, washed with 95% ethanol, methanol and then dried to afford 41-2. 
1H-NMR (CD3OD): 4.01(t,2H); 3.90(m,4H); 3.71(t,2H); 3.59(t,4H). 

2-[(6-{4-[2-(l,l-moxidothiomorpholin-4-yl)ethyl]piperazin-l-yl} 
,^; T ,-A- y i) a rr,ii 1 n1-1.3-thi a7 n1 ft -5-carbonitrile(41-3) 

12-3 (0.20g, 0.39 mmol), 41-2 (O.llg, 0.47mmol) and DBA (0.30g, 
2 33mmol) were suspended in DMF (ImL) in a sealed tube and heated at 200°C for 
15 minutes in the Smith personal chemistry microwave reactor. The crude material 
was purified on a CIS preparative hplc column to afford 41-3. Hi-Res MS: calc: 
449.1576 found: 449.1532. lH-NMR(CD 3 OD): 8.49(s,lH); 8.02(s,lH); 6.28(s,lH); 
4.02(m,4H); 3.48(br s,4H); 3.39(t,2H); 3.l6(m,4H); 3.12(m,4H); 2.97(m,2H). 
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SCHEME 42 



^ Y 42-1 



morpho!ine r ^/ N ^° DIEA 

1) DIEA/DMF r n-BuOH 

2) TFA 150°C 

42-2 ^ 



NH 2 




Tert-butyl 4-(bromoacetvDpiperazine-l-carboxvlate T42-1) 

A solution of bromoacetyl bromide (0.59g, 2.95mmol) in methylene 
chloride (3mL) was added drop wise via addition funnel to a stirred solution of 
tert-butyl piperazine-l-carboxylate 12-1 (0.50g, 2.68mmol) and aqueous sodium 
10 carbonate (0.34g, 3.22mmol) in methylene chloride (15mL) at 0°C. After a 10 minute 
reaction time the methylene chloride layer was drawn off, dried and evaporated to an 
oil. This was purified this on a silica column to afford 42-1. Hi-Res MS (M+Na): 
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calc: 329.0471 found: 329.0462. 1H-NMR(CDC1 3 ): 3.87(s,2H); 3.61(m,2H); 
3.52(m,2H); 3.50(m,2H); 3.44(m,2H); 1.47(s,9H). 



A-/7-r>^ o-^.-pi perazin-l^g thynTnorpholine (42-2) 



Morpholine (0.22g, 2.59mmol), 42-1 (0.61g, 1.99mmol) and DIEA 
(033g 259n^ol)werediss61vedinDMF(2 m L)andsti I redforl8hoursatroom 
temperature. The DMF was then removed under reduced pressure and the residue 
partitioned between water and methylene chloride. The methylene chloride was 

10 treated with neat trifluoroacetic acid and the excess trifluoroacetic acid evaporated 
off The resulting residue was partitioned between methylene chloride and aqueous 
Na 2 C0 3 The free base did not extract from the aqueous so the aqueous was 
evaporated to dryness, washed the methanol, and the solids filetred off to afford 42-2. 
lH-NMR(CD 3 OD): 3.69(t,4H); 3.59 (t,2H); 3.54(t,2H); 3.22(s,2H); 2.83(t,2H); 

15 2.77(t,2H); 2.49(t,4H). 

6J4^morpho^^ 

7-2 (0.22g, 1.76 mmol), 42-2 (0.37g, 1.76mmol) andDlEA (0.23g, 

1 76mmol) were reacted to afford 42-3, which was purified on a silica column. 
20 1H-NMR(CD 3 0D): 8.00(s,lH); 5.75(s,lH); 3.70(m,6H); 3.65(m,4H); 3.56(m,2H); 
3.30(s,2H);2.54(brs,4H). 

2 _ ({6 -[4-(morphonn^^ 



^arhnnitrile (42-4) 



25 



42-3 (0.36g, 1.18 mmol), sodium hydride (0.094g, 2.35mmol) and 
2-chloro-l,3-thiazole-5-carbonitrile 2-2 (0.17g, l.lSmmol) were treated as in Scheme 
4 above. The reaction was cooled, quenched with methanol and water, evaporated 
to dryness and partitioned between methylene chloride, methanol and water. The 
organic layers were evaporated to dryness and purified on a C 18 preparauve hplc 
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column and isolated via lyophilization to afford 42-4. Hi-Res MS: calc: 415.1659 
found: 415.1638. lH-NMR (CD3OD): 8.44(s,lH); 8.01(s,lH); 6.20(s,lH); 
4.36(s,2H); 4.05(br s,2H); 3.88(br s,2H); 3.82(m,2H); 3.76(m,2H); 3.71(m,2H); 
3.56(m,4H);3.25(brs,2H). 

5 

SCHEME 43 




10 4-{ 6-[(5-Cyano- 1 ,3-thiazol-2-yl)amino]pyrimidin-4-yl }-N-methylpiperazine- 1- 

carboxamide (43-1) ; . . 

12-3 (0.25g, 0.88mmol) was dissolved in a minimal amount of DMF 
(2mL) and DEEA (0.57g, 4.38mmol) before it was diluted with methylene chloride 
(5mL). Then a methylene chloride solution (lmL) of methylisocyanate (0.050g, 

15 O.88mmol) was added. A precipitate quickly formed and was filtered off, washed 
with methylene chloride and air dried to afford 43-1. Hi-Res MS: calc: 345.1241 
found: 345.1269. lH-NMR (DMSO-d6): 12.09(s,lH); 8.44(s,lH); 8.26(s,lH); 
6.52(d,lH); 6.21(s,lH); 3.54(m,4H); 3.40(m,4H); 2.58(d,3H). 
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O 




5 l-(2-chloroethvl')imidazolidin-2-one(44-2) 

A solution of 5.00g (38.42 mmol) of l-(2-hydroxyethyl)imidazolidin- 
2-one 44-1 and 3.82 mL(52.39 mmol) of thionyl chloride in 75 mL of chloroform was 
stirred at reflux for 4 hours. The reaction was concentrated in vacuo to an orange oil, 
which was redissolved in chloroform and washed twice with water. The organic layer 

10 was dried and reconcentrated to give the crude desired product as an orange solid. 
The solid was used as obtained from the reaction without further purification. 



-127- 



WO 02/45652 



PCT/USO 1/44573 



1 -f 2-pi perazjn-l -vlethvlVim idazolidin-2-one (44-4) 



A mixture of 2.00 g (13.46 mmol) of 44-2, 1.25 g (6.73 mmol) of 

1- boc-piperazine, 1.60 g (11.58 mmol) of potassium carbonate, and 0.10 g (catalytic 
5 amount) of KI in 30 mL of methyl isobutylketone was stirred at reflux for 48 hours. 

The reaction was filtered while hot, and the filtrate concentrated in vacuo to a solid. 
The solid was purified by flash chromatography over silica gel with 10% MeOH/ 
CHC1 3 eluent to afford 44-3 as an off-white solid. A 0.75 g sample of this solid was 
dissolved in 2 mL methylene chloride/2 mL TFA, and the solution stirred at 25°C for 
10 1 hour. The reaction was concentrated in vacuo to give the bis TFA salt of the desired 
product 44-4 as a brown oil. FAB MS: M+l = 198. 

2 - [(6-{4-[2K2-oxoiimdazohdin-l-ylW 
1 ^-thiazole-5-carbonitrile (44-5) 



_ — 

15 35.1 (0.25g, 1 .06mmol), 44-4 (0.21g, 1 .06mmol) and D1EA (0.69g, 

5.32mmol) were heated at 150°C for 3 hours in n-butanol. Upon cooling the 
precipitate was filtered off, washed with n-butanol and ethyl ether and then dried 
to afford 44-5. Hi-Res MS: calc: 400.1663 found: 400.1633. iH-NMR (CD3OD): 
8.38(s,lH); 7.99(s,lH); 6.14(s,lH); 3.65(m,4H); 3.55(m,2H); 3.39(m,2H); 3.35(t,2H); 

20 2.59(complex,6H). 



-128- 



WO 02/45652 



PCT/USO 1/44573 



SCHEME 45 




5 Benzvl 4-pyrrolidin-3-vlpiperazine-1 -carhoxvlate (45-3) 

A mixture of tert-butyl 3-oxopyrrolidine-l-carboxylate 45-1 (0.32g, 
1.73 mmol)), benzyl piperazine-l-carboxylate 45-2 (0.38g, 1.73mmol) and titanium 
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tetraisopropoxide (0.61g, 2.16mmol) were stirred at 25°C for 1 hour.. Then the 
viscous solution was diluted with 2mL of absolute ethanol and sodium cyanoboro- 
hydride (0.073g, l.l6mmol) was added. After stirring for 18 hours at 25°C, lmL of 
water was added and the solids filtered off. The filtrate was then dried under reduced 
5 pressure, redissolved in ethyl acetate, refiltered and evaporated. This material was 
purified on a silica column and then treated with trifluoroacetic acid to afford 45-3. 
1H-NMR (CDC1 3 ): 7.36(m,5H); 5.13(s,2H); 3.55(m,4H);3.26(m,lH); 3.08(m,lH); 
2.80(m,lH); 2.62(m,lH); 2.49(m,2H); 2.41(m,2H); 2.08(m,2H); 1.75(m,lH). 

10 Re.nzvl 4-1 l-rfmp .thvlamino^carbnnvn pvrrolidin-3-vl }piperazine-l-carboxvlate (45-4) 
45-3 (0.27g, 0.93mmol) was dissolved in methylene chloride (4mL) 
and DEA (0.60g, 4.67mmol) and then a methylene chloride solution (lmL) of 
methylisocyanate (0.050g, 0.93 mmol) was added. The solution was then stirred for 
30 minutes, after which it was concentrated and purified on a Ci8 preparative hplc 

15 column to afford 45-4. 1H-NMR (CD3OD): 7.37(m,5H); 5.17(s,2H); 3.89(m,4H); 
3.59(m,4H); 3.36(m,5H); 2.74(s,3H); 2.47(m,lH); 2.24(m,lH). 

N-methvl-3-p i perazin-l-ylpvrrolidine -l -carboxamide (45-5) _ 

45-4 (0.10g, 0.30mmol) was dissolved in lOmL of absolute ethanol. 
20 To this solution was added 10% Pd/C catalyst. This was then hydrogenolyzed for 7 
hours at 60 psi. The catalyst was then filtered off and the filtrate was evaporated to 
an oil and flushed with methanol to afford 45-5. iH-NMR (CD3OD): 3.62(m,2H); 
3.49(m,2H); 3.24(t,4H); 3.14(m,lH); 3.03(m,lH); 2.82(m,2H); 2.72(complex,4H); 
2.20(m,lH); 1.86(m,lH). 



25 



3 .(4-{6-[(5-Cyano-l,3-thiazol-2-yl)aimno]pyrinndin-4-yl}piperazin-l-yl)-N- 
methvlpyrroli^ine-l -carb ^flmiHp. (45-g) 



35-1 (0.106g, 0.45mmol), 45-5 (0.095g, 0.45mmol) andDIEA 
(0.1 8g, 1.79mmol) were heated at 150°C for 3 hours in n-butanol. Upon cooling the 
30 precipitate was filtered off, washed with n-butanol and ethyl ether and then dried to 
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afford 45-6. Hi-Res MS: calc: 414.1819 found: 414.1827. 1H-NMR (DMSO-d 6 ): 
12.08(s,lH); 8.42(s,lH); 8.26(s,lH); 6.22(s,lH); 6.02(d,lH); 3.55(m,4H); 3.38 
(m,lH); 3.13(m,lH); 2.97(m,lH); 2.78(m,lH); 2.50(complex,6H); 2.45(m,2H); 
2.06(m,lH); 1.69(m,lH). 

.SCHEME 46 




46-1 



1)TFA 

21 DIEA/TEA/150°C_ 
3) 35-1 



46-2 




[l-CTert-butoxycarbonyDpipendin-4-ynacetic acid 46-1 (0.20g, 
0 82^01), l-hydroxybenzouiazole (0.15g, 0.99 m mol). N -[3-(dime«hyla J nino)propyl]- 
W-eftylcarbodiinnde hydrochloride (0.21g, 1.07mmol), 4-methylmorpholine (0.33g, 
3 2M and isopropyl amine (0.053g, 0.90mmol) were dissolved in DMF and 
,5 stirred at 25°C for 18 hours. Evaporated off the DMF and partitioned between ethyl 
acetate and dilute KHSO4. The aqueous was drawn off andthe organic was waahed 
with dilute NaHC0 3 . brine, dried, filtered and evaporated .0 afford 46-2. 1H-NMR 
(CD3OD): 4.03(d,2H); 3.95(m,lH); 2.75(br s,2H); 2.06(d,2H) ; 1.91(m,lH); 1.64 
(d,2H); 1.44(s,9H); 1.12(complex,8H). 



20 
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2-(l-{6-[(5-Cyano-U-tMazol-2-yl)a^ 

N-isopropvlacetamide (46-3) . — 

46-2 (0.21g, 0.73mmol) was treated with neat trifluoroacetic acid 
for 20 minutes and then the trifluoroacetic acid was evaporated off. This residue and 

5 35-1 (0.17g, 0.73mmol) and triethylamine (0.37g, 3.67mmol) were heated at 150°C 
for 3 hours in n-butanol. Upon cooling the precipitate was filtered off, washed with 
n-butanol and ethyl ether and then dried to afford 46-3. Hi-Res MS: calc: 386.1758 
found: 386.1754. lH-NMR (CD3OD): 8.36(s,lH); 7.99(s,lH); 6.14(s,lH); 
4.40(d,2H); 3.98(m,lH); 2.94(t,2H); 2.10(complex,3H); 1.77(d,2H); 1.22(m,2H); 

10 1.13(d,6H). 

SCHEME 47 



15 




°Y°o ^^ 0 y°o . 

r N Y^OH DIEA/HOBt S 
I J EDC/NMM 




47-1 




H M 



2) n-BuOH/150°C 0 V^N^/^f \_1 

3) 35-1 47 ' 3 nV CN 

l-he^.vl 4-tert-hntvl 2-rfisopropylaniino)carbon vl l piper azine-l,4-dicarhnxy1ate (47-2) 

l-[(benzyloxy)carbonyl]-4-(tert-butoxycarbonyl)piperazine-2- 
carboxylic acid 47-1 (0.40g, l.lOmmol), 1-hydroxybenzotriazole (0.20g, 1.32mmol), 
N-[3-(dimethylannno)propyl]-iV'-ethylcarbodiiinide hydrochloride (0.27g, 1.43mmol), 
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4-methylmorpholine (0.0.44g, 4.39mmol) and isopropyl amine (0.071g, 1.21mmol) 
were dissolved in DMF and stirred at 25°C for 1 8 hours. The DMF was then 
removed under reduced pressure and the residue partitioned between ethyl acetate and 
dilute aqueous KHSO4. The aqueous phase was drawn off and the organic layer was 
5 washed with dilute aqueous NaHCC>3, brine, dried, filtered and evaporated to afford 
47-2. 

Benzyl 4-{6-[(5-cyano-l,3-thiazol-2-yl)aimno3pyriimdin^-yl}-2-[(isopropylamino) 
carbonvllpiperazine- 1 -carboxylate (47-3) _ 

10 47-2 (0.24g, 0.78mmol) was first treated with 3mL of trifluoroacetic 

acid for 30 minutes at 25°C and then the reaction was evaporated to dryness. The 
residue was dissolved in n-butanol and 35-1 (0.18g, 0.78mmol) and triethylamine 
(0.39g, 3.88mmol) were added. After heating at 150°C for 18 hours, the reaction was 
cooled and the product was filtered off, washed with n-butanol, ethyl ether and then 

1 5 dried to afford the product 47-3. Hi-Res MS: calc: 507. 1921 found: 507.1914. lH- 
NMR (DMSO-d6): 12.15(s,lH); 8.39(s,lH); 8.25(s,lH); 7.33(m,5H); 6.11(s,lH); 
5.14(m,2H); 4.47(m,2H); 3.85(m,2H); 3.69(m,2H); 3.25(m,lH); 3.17(m,lH); 
0.93(m,6H). 
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SCHEME 48 




48-1 



5 4-{6-[(5-Cyano-13-tMazol-2-yl)anuno]pyrimidin-4-yl}-N-isopropylpiperazme-2- 

carboxamide (48-V) . ■ 

47-3 (0.23g, 0.46 mmol) was wetted with 1 mL of anisole before 
treatment with lOmL of hydrofluoric acid for 1 hour at 0°C. The hydrofluoric acid 
was then evaporated off and the residue was suspended in ethyl ether, filtered and 
10 then purified on a silica column to give 48-1. Hi-Res MS: calc: 373.1554 found: 
373.1550. 1H-NMR (CD3OD): 8.40(s,lH); 7.99(s,lH); 6.17(s,lH); 4.30(d,lH); 
3.98(m,2H); 3.37(m,lH); 3.18(m,2H); 3.06(m,lH); 2.82(m,lH); 1.16(m,6H). 
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SCHEME 49 




5 2-rr2-Chloropvrimidin-4-Y ^ammr>1-1 .3-thiazole-5-carbonitrile (49-2) 

2-Chloropyrimidin-4-amine 49-1 (0.30g, 2.32mmol) and sodium 
hydride (0.093g, 2.32mmol) were suspended in dry THF and stirred for 20 minutes 
before adding 2-chloro-l,3-thiazole-5-carbonitrile 2-2(0.33g, 2.32mmol) and more 
sodium hydride (0.093g, 2.32mmol) simultaneously. This was refluxed for 1.5 hour 

10 and then quenched with methanol and water, and concentrated to dryness. The 

residue was partitioned between DCM, MeOH, and water. The aqueous layer was 
evaporated to dryness and then purified on a silica column. iH-NMR (CD3OD): 
8.50(d,lH); 8.42(s,lH); 7.11(d,lH). By lH-NMR this material is a mixture of the 
desired product and 2-chloropyrimidin-4-amine in a ratio of 5:8, which was used as 

15 is in the next step. 
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2-(4-{4-[(5-Cyano43-thiazol-2-yl)amino]pyrimidin-2-yl}piperazin-l-yl)-N- 

isopropvlacetamide (49-4) 

N-isopropyl-2-piperazin-l-ylacetamide 49-3 (0. 15g, O.SOmmol), 49-4 
(0.19g, O.SOmmol) and triethylamine (0.40g, 3.99mmol) were heated at 150°C for 2 
5 hours in 4mL of n-butanol. Upon cooling, the solid was filtered off, washed with n- 
butanol, ethyl ether and then dried to afford 49-4. Hi-Res MS: calc: 387.1710 found: 
387.1699. 1H-NMR (DMSO-d6): 12.14(s,lH); 8.31(s,lH); 8.16(d,lH); 7.54(d,lH); 
6.31(d,lH); 3.86(complex,5H); 2.95(br s, 2H); 2.54(br s, 4H); 1.09(m,6H). 

10 SCHEME 50 



^ n n-tsuUH/itA \° \ I 
N 1 + 0=S J 1c;n o r " VNy^ 



12-1 



50-1 O 

™ cT OvJU 

2) n-BuOH/150°C Y> 

3) 35-1 - 

50-3 



Tert-butvl 4-(l.l-dioxidothietan-3-vl)p i perazine-l -carboxvlate (50-2) 

15 3-Chlorothietane 1,1-dioxide 50-1 (0.50g, 3.56mmol) was dissolved 

in n-butanol (4mL) then triethylamine (1.08g, 10.67mmol) was added followed by 
tert-butyl piperazine-l-carboxylate 12-1 (0.66g, 3.56mmol). This was then stirred at 
150°C for 5 hours. Upon cooling the solid was filtered off, washed with n-butanol, 
ethyl ether and then purified on a silica column to afford 50-2. lH-NMR (CDCI3): 
20 4.10(complex, 4H); 3.46(t, 4H); 3.19(m,lH); 2.36(t,4H); 1 .46(s,9H). 



-136- 



WO 02/45652 



PCT/US01/44573 



2-({6-[4-(l,l-Dioxidothietan-3-yl)piperazin-l^ 

5-carbonitrile (50-3) 

50-2 (0.20g, 0.68mmol) was first treated with trifluoroacetic acid 
(4mL) for 30 minutes and then concentrated under reduced pressure. The residue was 

5 then dissolved in n-butanol (4mL) to which 35-1 (0. 16g, 0.68mmol) and triethylamine 
(0.34g, 3.41mmol) were added and then heated at 150°C for 18 hours. Upon cooling 
the solid was filtered off, washed with n-butanol, ethyl ether and then purified on a 
silica column to yield 50-3. Hi-Res MS: calc: 392.0958 found: 392.0949. iH-NMR 
(DMSO-d6): 12.10(s,lH); 8.43(s,lH); 8.26(s,lH); 6.24(s,lH); 4.28(m,2H); 

10 4.15(m,2H); 3.57(br s, 4H); 3.22(m,lH); 2.46(t, 4H). 
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SCHEME 51 




12-1 



Br 





TEA 



H 
51-1 



n-BuOH/150°C 



1.TFA 



2. 35-1 / TEA / n-BuOH 
150°C 




10 



Tert-butvl 4-(2-oxopiperidin-3-vl1piperazine- l-carboxvlate (51-2) 

3-Bromopiperidin-2-one 51-1 (0.15g, 0.87mmol) was dissolved in n-butanol 
(4mL) then triethyl amine (0.26g, 2.60mmol) was added followed by tert-butyl 
piperazine-l-carboxylate 12-1 (0.16g, 0.87mmol). This was then stirred at 150°C for 
1.5 hours and then the solid was filtered off, washed with n-butanol and then ethyl 
ether. Hi-Res MS: calc: 284.1969 found: 284.1966. r H-NMR (CDC1 3 ): 3.45 (br s, 
2H); 3.26 (br s, 2H); 3.13 (complex, 3H); 2.74(m,lH); 2.62(m,lH); 1.98(m,lH); 
1.77(m,lH); 1.55(complex, 3H); 1.45(t,9H). 
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2-a6-r4-(2-Oxopiperidin-3-vl^ 
carbonitrile (51-3) 

51-2 (0.1 5g, 0.53mmol) was first treated with neat trifluoroacetic acid 
for 30. minutes at room temperature. The trifluoroacetic acid was then evaporated off 
5 and the residue was dissolved in n-butanol (3mL). To this was added 35-1 (0. 13g, 
0.53mmol) and triethylamine (0.27g, 2.65mmol). This was heated at 150°C for 18 
hours and then the solid was filtered off, washed with n-butanol and then ethyl ether 
to afford 51-3. Hi-Res MS: calc:385.1554 found: 385.1551. X H-NMR (DMSO-d<j): 
12.02 (s,lH); 8.41 (s,lH); 8.25 (s,lH); 7.44 (s,lH); 6.20 (s,lH); 3.51 (hr s, 4H); 3.13 
10 (m, 1H); 3.05 (m, 2H); 2.93 (m, 2H);2.63 (m, 2H); 1.62-1.83 (complex, 4H). 
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10 



fi-r.hloro-N-Q ^-thia7.ol-2-vl>PVriTTii diiT-4-aTnine (52-2) 

l,3-Thiazol-2-amine 52-1 (2.0g, 20.0mmol) was dissolved in THF and 
1 equivalent of sodium hydride (0.8g, 60% dispersion in oil) was added. This was 
stirred for 30 min at room temperature. Then 4,6-dichloropyrimidine 7-1 (2.97g, 
20.0mmol)andthe other equivalent of sodium hydride were added simultaneously. 
This was refluxed for 30 minutes. The reaction was quenched with methanol and 
water and then evaporated. The residue was partitioned with DCM:MeOH:water 
(50:5:50). The organic layer was drawn off, dried and evaporated to afford crude 
material which was purified on a silica column eluted with 99:1:0.1 
(DCM MeOH:NH40H). Rf = 0.4 (DCM:MeOH:NH40H 98:2:0.2). H- 
NMRCDMSO-d*): 11.96 (s, 1H); 8.71(s, IB); 7.49(d,lH); 7.25(d,lH); 7.13(br s, 1H). 

IHMg aaiajaJfi fl 1 thiazoj - ylamjno)^^ 

5 ^ N-isopropyl-2-piperazin-l-ylacetamide 13-l(0.74g, 4.0mmol)) was 

■ suspended in n-butanol to which compound 52-2 0.85* 4.0mmol) and triethylamine 
' (I22g l2.0mmol)wereaddedandthenheatedatl50°Cfor6hours. Thereachon 
was cooled to room temperature and the precipitate was filtered off, washed with n- 
butanol and ethyl ether and dned to produce 52-3. Rf = 0.45 (DCM-.MeOH^OH, 
20 95 5 0 5) X H-NMR (DMSO-d*): 11.16(s, 1H); 8.33(s, 1H); 7.54(d, 1H); 7.36(s,lH); 
7.05(s, 1H); 6.24(s, 1H); 3.90(m,lH); 3.55(br s, 4H); 2.94(s, 2H); 2.49(br s, 4H); 
1.08(d, 6H). 

9^_/rt-f/5-Bromo-U^ ^ 

25 i ^propyl acetamide (524) 

Compound 52-3 (0.96g, 2.66mmol) »as stined to 30mL ttifluoroacefc 

acid The bromine solution (0.582M in uiflnoroacenc acid) was added to the thiazole 
solution until no further prodnet would form as followed by lotas. The TFA was 
evaporated off and the residue was flushed with methanol and passed through a CIS 
30 preparativelecotamn. The product was isolated and desalted by passing it through a 
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silica column to yield 52-4 as the free base. Hi-Res MS: calc: 440.0863 found: 
440.0867. ! H-NMR (DMSO-d 6 ): 11.42(s, 1H); 8.34(s, 1H); 7.54(d, 1H); 7.44(s, 1H); 
6.14(s, 1H); 3.90(m, 1H); 3.54(br s, 4H); 2.94(s, 2H); 2.50(br s, 4H); 1.08(d, 6H). 



5 The following compounds, 53-1 through 53-13, were made via simple modifications 
of the procedures described above. 



53-1 


N 


(+or-)-2-({6-[4-(2- 

Oxopiperidin-3- 

yl)piperazin-l- 

yl]pyrimidin-4- 

yl } amino)- 1,3- 

thiazole-5- 

carbonitrile 


Enantiomer A, ee - 
98%; Hi-Res MS: 
calc: 385.1555 
observed: 385.1553. 
Enantiomer B,ee = 
98%; Hi-Res MS: 
calc: 385.1555 
observed: 385.1554. 


53-2 


N^NH 


2-({6-[2-(5-Oxo- 

4,5-dihydro-lH- 

l,2,4-triazol-3- 

yl)pyrrolidin-l- 

yl]pyrimidin-4- 

yl}amino)-l,3- 

thiazole-5- 

carbonitrile 


Hi-Res MS: calc: 
356.1037 found: 
356.1058 


53-3 


N-N 

(K H M 


2-{[6-(5,6- 

Dihydro[l,2,4]triazo 

lo[4,3-a]pyrazin- 

7(8H)-yl)pyrimidin- 

4-yl] amino} -1,3- 

thiazole-5- 

carbonitrile 


Hi-Res MS: calc: 
326.0935 found: 
326.0931 
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53-4 


N — v 

HN — S 


2-(4-{6-[(5-cyano- 

l,3-thiazol-2- 

yl)amino]-5- 

methoxypyrimidin- 

4-yl}piperazin-l- 

y\)-N- 

isopropylacetamide 


HRMS calc. 
417.1816 , observed 
417.1810 


53-5 


ONI 

N — \ 

HN — ( 


2-(4-{5-cyano-6-[(5- 
cyano- 1 ,3-thiazol-2- 
yl)amino]pyrimidin- 
4-yl}piperazin-l- 
y\)-N- 

isopropylacetamide 


HRMS calc. 
412,1663, obs. 
412.1640 


53-6 


o 

/ \:o 2 h 


3- (4-{6-[(5-cyano- 
l,3-thiazol-2- 
yl)amino]pyrimidin- 

4- yl}piperazin-l- 
yl)butanoic acid 


HRMS calc. 
374.1394, obs. 
374.1398 


53-7 


I 11 m o 

Q 

C0 2 H 


l-{6-[(5-cyano-l,3- 
thiazol-2- 

yl)amino]pyrimidin- 
4-yl}piperidine-4- 
carboxylic acid 


HRMS calc. 
331.0972, obs. 
331.0980 



-143- 



WO 02/45652 



PCT/US01/44573 



53-8 


N-a 
— V-C0 2 H 


(l-{6-[(5- 

cyano-1,3- 

thiazol-2-yI 

amino] 

pyrimidin-4- 

yljpiperidin- 

4-yl)acetic 

acid 


FAB MS: 
M+l = 345 


53-9 


V 0 

I H M 


2-(l-{6-[(5-cyano- 

l,3-thiazol-2- 

yl)anuno]pyrimidin- 

4-yl}azetidin-3-yl)- 

N-isopropyl 

acetamide 


Hi-Res MS: calc: 
358.1445 found: 
358.1449 


53-10 


B H 


2-({6-[(lS,4S)-2- 
oxa-5- 

azabicyclo[2.2.1] 

hept-5-yl]pyrimidin- 

4-yl}amino)-l,3- 

thiazole-5- 

carbonitrile 


Hi-Res MS: calc: 
301.0866 found: 
301.0873 


53-11 




2-({6-[4-(l,l- 
Dioxidothietan-3- 
yl)piperazin-l-yl]-5- 
methoxypyrimidin- 

4-yl}amino)-l,3- 

thiazole-5- 

carbonitrile 


Hi-Res MS: calc: 
422.1064 found: 
422.1062 
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53-12 




2-({6-[4-(l,l- 

Dioxidothietan-3- 

yl)piperazin- 1 -yl] -5- 

ethylpyrimidin-4- 

yl } amino)- 1,3- 

thiazole-5- 

carbonitrile 


Hi -Res MS: calc: 
420.1271 found: 
420.1257 


53-13 




2-[(l-{6-[(5-Cyano- 

l,3-thiazol-2- 

yl)amino]pyrimidin- 

4-yl}azetidin-3- 

yl)oxy]-N- 

isopropylacetamide 


Hi-Res MS: calc: 
374.1934 found: 
374.1374 



The corresponding N-oxides of the compounds exemplified above, such as 54-1 
through 54-4 shown below, can be readily made by reacting with the appropriate 
oxidizing agent. 

5 
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The compounds of Formula A below can also be made by simple modifications of the 
5 procedures described above in addition to other procedures known in the art. 
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H 




O / 


H 


C2H5 


0 / 
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H 


CF2H 


I — H \l — ( \ 
« \ / \ / 
X — 7 >-NH 
0 


H 


H 


1 K\ \|__/ \ 

N ' >-NH 

0 
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H 


CH3 


0 2 


CH3 


CH3 


0 2 


H 


OCH 3 


K s-J 

0 2 


H 


CN 


0 2 
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0 2 
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WHAT IS CLAIMED IS : 

1 . A compound of Formula I 

R 5 

V R 6 
I 

5 or a pharmaceutically acceptable salt or stereoisomer thereof, wherein 
A and B are independently N or N+ — O- ; 
Yis 0,SorN-R4; 

10 

Rl and R2 are independently: 



1) 


H, 


2) 


Or(Ci-C6)perfluoroalkyl, 


3) 


OH, 


4) 


CN, 


5) 


halogen, 


6) 


(C=0) r Os(Ci-Cio)alkyl ) 


7) 


(C=0) r O s (C2-C io)alkenyl, 


8) 


(C=0)rO s (C2-Cio)alkynyl, 


9) 


(C=0) r O s aryI, 


10) 


(C=0) r O s heterocyclyl, 


11) 


(Co-C6)alkyl-NRaRb, or 


12) 


(Ci-C6)heterocycIyl, 
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5 



wherein r and s are independently 0 or 1, and said alkyl, alkenyl, alkynyl, aryl, and 
heterocyclyl is optionally substituted with one or more substituents selected from R7; 

R4 is H, aryl or (Ci-C6)alkyl; 
R5 is: 



1) H, 

2) S02R C , 

3) (C=0) r Rc, wherein r is 0 or 1, or 
10 4) CO2RC; 



R6i 



is: 

1) aryl, 

2) CN, 

15 3) halogen, 

4) (C=0)NRaRb 

5) (Ci-Cio)alkyl, 

6) (C2-C8)aDcenyl, 

7) (C2-C8)alkynyl, or 
20 8) heterocyclyl, 

wherein r and s are independently 0 or 1, and said aryl, alkyl, alkenyl, alkynyl and 
heterocyclyl optionally substituted with one or more substituents selected from R7; 

R7 is: 

25 1) O r (C=0) s NRaRb, 

2) (C=0)rO s aryl, 

3) (C=0)rO s -heterocyclyl, 

4) halogen, 
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5) OH, 

6) oxo, 

7) 0(Ci-C3)perfluoroalkyl, 

8) (Ci-C3)perfluoroalkyl, 
5 9) (C=0) r O s (Ci-C6)alkyl, 

10) CHO, 

11) CO2H, 

12) CN, 

13) (Ci-C6)alkyl-NRaRb, 0 r 
10 14) (Ci-C6)alkyl-heterocyclyl, 

wherein r and s are independently 0 or 1, and said aryl, heterocyclyl and alkyl are 
optionally substituted with one to three substituents selected from Rd; 

R a and Rb are independently 
15 1) H, 

2) (C=OMCi-Cio)al]cyl, 

3) S(0)2Rc, 

4) (C=0)rheterocyclyl, 

5) (C=0)raryl,or 

20 6) C02R C , 

wherein r is 0 or 1 and said alkyl, heterocyclyl, and aryl optionally substituted with 
one or more substituents selected from Rd, or 

R a and Rb are taken together with the nitrogen to which they are attached to form a 
25 monocyclic or bicyclic heterocycle with 5-7 members in each ring and optionally 
containing, in addition to the nitrogen, one or two additional heteroatoms selected 
from N, O and S, said monocyclic or bicyclic heterocycle optionally substituted with 
one or more substituents selected from R d ; 
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R c is (Ci-C6)alkyl, aryl, or heterocyclyl; and 
Rd is: 

5 i ) (C=0)rOs(C i-C io)alkyl, wherein r and s are independently 0 or 1 , 

optionally substituted with up to three substituents selected from OH, 
(Cl-C6)alkoxy, halogen, heterocyclyl, CN, oxo, N(Re) 2 and S(0)2R C , 

2) O r (Ci-C3)perfluoroalkyl, 

3) (Co-C6)alkylene-S(0) m Rc, wherein m is 0, 1, or 2, 

10 4) oxo, 

5) OH, 

6) halo, 

7) CN, 

8) (Co-C6)alkylene-aryl, optionally substituted with up to three 

1 5 substituents selected from R e , 

9) (Co-C6)alkylene-heterocyclyl, optionally substituted with up to three 

substituents selected fromR e , 

10) C(0)R c , 

11) C02R C , 
20 12) C(0)H, 

13) N(Re) 2 ,or 

14) CO2H; 



H, 

(Cl-C6)alkyl, optionally substituted with one or more substituents 
selected from OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, oxo, 

N(Rf)2andS(0)2R c , 
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3) aryl, optionally substituted with one or more substituents selected from 
OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, N(Rf)2 and S(0)2R C , 

4) heterocyclyl, optionally substituted with one or more substituents 
selected from OH, heterocyclyl, (Ci-C6)alkoxy, halogen, CN, oxo, 

5 N(Rf)2 and S(0)2Rc, or 

6) S(0)2Rc, or 

if two Re's are on a nitrogen atom, they can be taken together with the nitrogen to 
form a heterocycle with 5-7 atoms, optionally containing, in addition to the nitrogen, 
10 one or two additional heteroatoms selected from N, O and S, said heterocycle option- 
ally substituted with one or more substituents selected from OH, (Ci-C6)alkoxy T 

halogen, CN, oxo, N(Rf)2 and S(0)2R C ; and 



15 



20 



Rfis H, aryl or (Ci-C6)alkyl. 

2. The compound of Claim 1, wherein 

Yis S; 

Rl is H, (Ci-C6)alkyl, or 0(Ci-C6)alkyl; 
R2is: 

1) H, provided that both Rl and R2 are not H at the same time, 
25 2) O r (Ci-C6)perfluoroalkyl, 

3) OH, 

4) CN, 

5) halogen, 
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6) (C=0) r O s (Ci-Cio)alkyl, 

7) (C=0)rO s (C2-Cio)alkenyl, 

8) (C=0) r O s (C2-Cio)alkynyl, 

9) (C=0)rO s aryl, 

5 10) (C=0) r O s heterocyclyl, 

1 1 ) (Co-C6)aLkyl-NRaRb, or 

12) (Ci-C6)heterocyclyl, 

wherein r and s are independently 0 or 1, and said alkyl, alkenyl, alkynyl, aryl, and 
heterocyclyl is optionally substituted with one or more substituents selected from R7; 

10 

R6 is: 



1) 


aryl, 


2) 


CN, 


3) 


halogen, 


4) 


(C=0)NRaRb 


5) 


(Ci-C6)alkyl, 


6) 


(C2-C6)alkenyl, 


7) 


(C2-C6)alkynyl, or 


8) 


heterocyclyl, 



20 wherein r and s are independently 0 or 1, and said aryl, alkyl, alkenyl, alkynyl and 
heterocyclyl optionally substituted with one to three substituents selected from R7; 



R7 



is: 



1) O r (C=0) s NRaRb 

25 2) (C=0)rO s aryl, 

3) (C^rOs-heterocyclyl, 

4) halogen, 

5) OH, 
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6) 
7) 



0X0, 



0(Ci-C3)perfluoroalkyl, 

(Ci-C3)perfluoroalkyl, 

(C=0)rO s (Ci.C6)allcyl, 



8) 



9) 



5 



10) CHO, 

11) CO2H, 



12) CN, 

13) (Ci-C6)alkyl-NRaRb, or 

14) (Ci-C6)alkyl-heterocyclyl, 



10 wherein r and s are independently 0 or 1, and said aryl, heterocyclyl and alkyi are 



3) S(0)2R C , 

4) (0=0)rheterocyclyl, 

5) (C=0) r aryl, or 

6) C02R C , 

20 wherein r is 0 or 1 and said alkyl, heterocyclyl, and aryl optionally substituted with 
one or more substituents selected from Rd, or 

R a and R b are taken together with the nitrogen to which they are attached to form 
a monocyclic 5-7 membered heterocycle optionally containing, in addition to the 
25 nitrogen, one or two additional heteroatoms selected from N, O and S, said 

heterocycle optionally substituted with one to three substituents selected from Rd; and 



optionally substituted with one to three substituents selected from Rd; 



15 



R a and R D are independently: 

1) H, 

2) (C=O)r(Ci-Ci0)alkyl, 



Rd is: 
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1) (C=0) r O s (Ci-C6)alkyl, wherein r and s are independently 0 or 1, 
optionally substituted with up to three substituents selected from OH, 
(Cl-C6)aIkoxy, halogen, CN, oxo, N(R% and S(0)2R C , 

2) O r (Ci-C3)perfluoroalkyl, 

5 3) (Co-C6)alkylene-S(0) m Rc, wherein m is 0, 1 , or 2, 

4) oxo, 

5) OH, 

6) halo, 

7) CN, 

10 8) (Co-C6)alkylene-aryl, optionally substituted with up to three 

substituents selected from R e , 

9) (Co-C6)alkylene-heterocyclyl, optionally substituted with up to three 

substituents selected from R e , 

10) (Co-C6)alkylene-N(Re) 2 , 
15 11) C(0)R c , 

12) C0 2 R c , 

13) C(0)H, or 

14) CO2H. 

20 3. The compound of Claim 2, wherein A and B are N; and R6 is 

phenyl, halogen, CN, or pyridyl said phenyl and pyridyl optionally substituted with 
one to three substituents selcted from R?. 

4. The compound of Claim 3 wherein Rl is H and R2 is 
25 O r (Ci-C6)alkyl, wherein r is 0 or 1, optionally substituted with one to three 

substituents selected from R7, or (Co-C6)alkyl-NRaRb. 



5 . A compound selected from: 
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2-({ 6-[4-(2-moiphoIin-4-ylethyl)piperazin-l-y^ } amino)-l ,3-thiazole-5- 

carbonitrile; 

2-({6-[4-(2-moipholin-4-yl-2-oxoethyl)pip^^ 
thiazole-5-carbonitrile; 
5 iV-(te^butyl)-2-(4-{6-[(5-cyano-l,3^ 
yl)acetamide; 

2-({ 6-[4-(l J-dioxidotetrahydrotWen-3-yl)piperazin4-yl]pyrimidin-4-yl } amino)- 1 ,3- 
thiazole-5-carbonitrile; 

2-(4-{6-[(5-cyano-13-thiazol-2-yl)amino]pyriinidin^ 
10 isopropylacetamide; 

2-(l-{6-[(5-cyano-l>thiazol-2-yl)am^ 
isopropylacetamide; and 
2-({6-[4-(2-oxopiperidin-3-yl)pipera^ 

carbonitrile; or a pharmaceutically acceptable salt or stereoisomer thereof. 

15 

6. A compound which is 2-({6-[4-(l,l-dioxidotetrahydrothien-3- 
yl)piperazin-l-yl]pyrimidin-4-yl} 




20 

or a pharmaceutically acceptable salt or stereoisomer thereof. 



7. A compound which is iV-(^rr-butyl)-2-(4-{6-[(5-cyano-l,3- 
25 thiazol-2-yl)amino]pyrimidin-4-yl}piperazin-l-yl)acetamide 
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or a pharmaceutically acceptable salt thereof. 

5 8. A compound which is the (R) or (S) enantiomer of 2-({6-[4- 

(1 , 1 -dioxidotetrahydrothien-3-yl)piperazin-l -yl]pyrimidin-4-yl } amino)- 1 ,3-thiazole- 
5-carbonitrile in enantiomerically pure fonn as characterized by an enatiomeric excess 
of at least 98%, or a pharmaceutically acceptable salt thereof. 

10 9. A compound which is 2-(4-{6-[(5-cyano-l,3-thiazol-2- 

yl)amino]pyrimiddn-4-yl}pipera2in-l-yl)-N-isopropylacetamide 




15 or a pharmaceutically acceptable salt thereof. 

10. A pharmaceutical composition which is comprised of a 
compound in accordance with Claim 1 and a pharmaceutically acceptable carrier. 

20 1 1 . A method of treating or preventing cancer in a mammal in need 

of such treatment which is comprised of administering to said mammal a 
therapeutically effective amount of a compound of Claim 1. 
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12. A method of treating cancer or preventing cancer in accordance 
with Claim 1 1 wherein the cancer is selected from cancers of the brain, genitourinary 
tract, lymphatic system, stomach, larynx and lung. 

13. A method of treating or preventing cancer in accordance with 
Claim 11 wherein the cancer is selected from histiocytic lymphoma, lung 
adenocarcinoma, small cell lung cancers, pancreatic cancer, glioblastomas and breast 
carcinoma. 

14. A method of treating or preventing cancer in accordance with 
Claim 11 wherein the cancer is selected from colorectal cancer, prostate cancer, breast 
cancer, and lung cancer. 

!5 15 . A method of treating or preventing a disease in which 

angiogenesis is implicated, which is comprised of administering to a mammal in need 
of such treatment a therapeutically effective amount of a compound of Claim 1. 

16. A method in accordance with Claim 1 5 wherein the disease is 
20 an ocular disease. 

17 . A method of treating or preventing retinal vascularization 
which is comprised of administering to a mammal in need of such treatment a 
therapeutically effective amount of compound of Claim 1. 



25 



18. A method of treating or preventing diabetic retinopathy which 
is comprised of administering to a mammal in need of such treatment a 
therapeutically effective amount of compound of Claim 1 . 



-163- 



WO 02/45652 



PCTAJS01/44573 



19. A method of treating or preventing age-related macular 
degeneration which is comprised of administering to a mammal in need of such 
treatment a therapeutically effective amount of a compound of Claim 1. 

5 20. The method of Claim 15 further comprising the use of 

photodynamic therapy with a photosensitive drug. 

21. The method of Claim 20 wherein the photosensitive drug is 

verteoporfin. 

10 

22. The method of Claim 20 wherein the disease is age-related 
macular degeneration. 

23. A method of treating or preventing inflammatory diseases 
15 which comprises administering to a mammal in need of such treatment a 

therapeutically effective amount of a compound of Claim 1. 

24. A method according to Claim 23 wherein the inflammatory 
disease is selected from rheumatoid arthritis, psoriasis, contact dermatitis and delayed 

20 hypersensitivity reactions. 

25. A method of treating or preventing a tyrosine kinase-dependent 
disease or condition which comprises administering a therapeutically effective 
amount of a compound of Claim 1. 

25 

26. A pharmaceutical composition made by combining the 
compound of Claim 1 and a pharmaceutical^ acceptable earner. 



-164- 



WO 02/45652 



PCT/USO 1/44573 



27. A process for making a pharmaceutical composition which 
comprises combining a compound of Claim 1 with a pharmaceutical^ acceptable 
carrier. 

5 28. A method of treating or preventing bone associated pathologies 

selected from osteosarcoma,- osteoarthritis, and rickets which comprises administering 
a therapeutically effective amount of a compound of Claim 1. 



29. The composition of Claim 10 further comprising a second 
10 compound selected from: 

1) an estrogen receptor modulator, 

2) an androgen receptor modulator, 

3) retinoid receptor modulator, 

4) a cytotoxic agent, 

15 5) an antiproliferative agent, 

6) a prenyl-protein transferase inhibitor, 

7) an HMG-CoA reductase inhibitor, 

8) an HIV protease inhibitor, 

9) a reverse transcriptase inhibitor, 
20 10) another angiogenesis inhibitor, and 

11) a PPAR-7 agonist. 

30. The composition of Claim 29, wherein the second compound is 
another angiogenesis inhibitor selected from the group consisting of a tyrosine kinase 

25 inhibitor, an inhibitor of epidermal-derived growth factor, an inhibitor of fibroblast- 
derived growth factor, an inhibitor of platelet derived growth factor, an MMP 
inhibitor, an integrin blocker, interferon-a, interleukin-12, pentosan polysulfate, a 
cyclooxygenase inhibitor, carboxyamidotriazole, combretastatin A-4, squalamine, 6- 
0-(chloroacetyl-carbonyl)-fumagillol, thalidomide, angiostatin, troponin-1, and an 

30 antibody to VEGF. 
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31. The composition of Claim 29, wherein the second compound is 
an estrogen receptor modulator selected from tamoxifen and raloxifene. 

5 32. The composition of Claim 10 further comprising a steroidal 

anti-inflammatory compound. 

33. The composition of Claim 10 further comprising an anti- 
hypertensive compound. 



10 



34. A method of treating cancer which comprises administering a 
therapeutically effective amount of a compound of Claim 1 in combination with 
radiation therapy. 



15 35. A method of treating or preventing cancer which comprises 

administering a therapeutically effective amount of a compound of Claim 1 in 
combination with an agent selected from: 

1) an estrogen receptor modulator, 

2) an androgen receptor modulator, 
20 3) retinoid receptor modulator, 

4) a cytotoxic agent, 

5) an antiproliferative agent, 

6) a prenyl-protein transferase inhibitor, 

7) an HMG-CoA reductase inhibitor, 
25 8) an HIV protease inhibitor, 

9) a reverse transcriptase inhibitor, and 

10) another angiogenesis inhibitor. 
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36. A method of treating cancer which comprises administering a 
therapeutically effective amount of a compound of Claim 1 in combination with 
radiation therapy and an agent selected from: 

1) an estrogen receptor modulator, 
5 2) an androgen receptor modulator, 

3) retinoid receptor modulator, 

4) a cytotoxic agent, 

5) an antiproliferative agent, 

6) a prenyl-protein transferase inhibitor, 
10 7) an HMG-Co A reductase inhibitor, 

8) an HIV protease inhibitor, 

9) a reverse transcriptase inhibitor, and 

10) another angiogenesis inhibitor. 

15 37. A method of treating or preventing cancer which comprises 

administering a therapeutically effective amount of a compound of Claim 1 and 
paclitaxel or trastuzumab. 

38. A method of treating or preventing cancer which comprises 
20 administering a therapeutically effective amount of a compound of Claim 1 and a 

GPEb/nia antagonist. 

39. The method of Claim 38 wherein the GPHb/DIa antagonist is 

tirofiban. 



25 



40. A method of reducing or preventing tissue damage following a 
cerebral ischemic event which comprises administering a therapeutically effective 
amount of a compound of Claim 1. 
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41. A method of treating or preventing cancer which comprises 
administering a therapeutically effective amount of a compound of Claim 1 in 
combination with a COX-2 inhibitor. 

5 42. A method of treating or preventing preeclampsia which 

comprises administering a therapeutically effective amount of a compound of Claim 
1. 

43. A method of treating or preventing tissue damage due to 
10 bacterial meningitis which comprises administering a therapeutically effective 

amount of a compound of Claim 1. 

44. A method to treat or prevent endometrioses which comprises 
administering a therapeutically effective amount of a compound of Claim 1 . 

15 

45. A method of treating or preventing diabetic retinopathy which 
comprises administering a therapeutically effective amount of a compound of Claim 1 
in combination with a PPAR-y agonist. 

20 46. A method of treating acute myeloid leukemia which comprises 

administering a therapeutically effective amount of a compound of Claim 1. 

47. A method of treating cancer which comprises administering a 
therapeutically effective amount of a compound of Claim 1 in combination with gene 
25 therapy. 
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